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ABSIBACT 


This  Report  Mo.  4  covers  the  fourth  period  of  the  project,  taut  the 
duration  of  the  project  has  taeen  extended  to  June  30,1963  tay  letter  of 
24  January  1963(Ref  tMPBr33'AUK/33) .  In  this  period  two  special  aodifl- 
catlons  of  the  fluid  tetraisopropyltltanate/taaelc  zineoetoate  reaction 
product  have  been  developed  with  the  aim  to  produce  Increased  stability 
under  the  test  requiren«nt8  for  a  hydraulic  fluid  while  naintainlnf  the 
fire  safety  conditions,  which  are  outlined  in  the  preeedinf  report.These 
products  are  ■odifications  of  the  product  with  tetra  butyl  tin  and  a 
nodlficatlon  of  the  product  with  tri-isopropyl  borate.  Special  attention 
has  been  gi^ma  to  the  relationship  between  the  diluted  nixtures  of  these 
products,  uslnc  inhibited  silicone  fluid  510  as  diluent,  and  four-ball 
wear- test  sear  narks,  and  also  to  viscosity  cbaofes  at.  low  tenperatures. 
The  work  is  continuing. 
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SUMMARY 


This  fourth  report  period  of  Contract  NOw  62-0647-d  is  not  a  final  report 
period,  since  the  work  on  the  contract  has  been  extended  to  June  30,  1963° 

Curing  this  period  the  work  has  continued  the  improvonent  of  the  fire  safety 
of  the  product,  as  outlined  in  the  Sunmary  of  Report  No.  3.  Also,  special  effort 
has  been  made  to  explore  two  new  grot^>s  of  conplex  fluids  which  appear  to  be  especially^ 
pr(»lsing  for  the  aims  of  the  project. 

It  has  been  pointed  out  throughout  these  reports  that  te'ta«  alkyl  titanates, 
such  as  the  conmereial  tetra  Isopropyl  titanate,  Inter’-react  with  another  group  of 
metal  organic  products,  such  as  basic  zinc  octoate  or  zinc  2-ethyl  hexanoate  (22$  Zn), 
and  that  hereby  fluid  products  are  being  formed  of  very  desirable  properties.  It  has 
also  been  pointed  out,  however,  that  in  oxidation  tests  and  in  hydrolytic  stability 
tests  this  complex  fluid  requires  an  additional  stabilization  by  a  further  removal  of 
any  retained  still-reactive  group.  The  stabilization  has  been  carried  out  by  a 
redlstillatlon  with  such  organic  fluids  as  benzyl  alcohol.  In  SECTION  lI-D-3  of  the 
present  report  some  exploratory  tests  were  made  of  a  distillation  of  the  initial 
product  with  alcohols  containing  a  halogen  group,  such  as  chloroethanol.  In  the 
preceding  project  (Contract  NOw  61-0434-d),  the  best  results  were  obtained  by 
reacting  the  initial  product  with  s  tetra  alkyl  silane,  especially  di-n-dodecyl  dl-n- 
octyl  silane  (Olln  Mathleson),  and  the  resulting  modified  complex  had  highly  desirable 
properties,  as  reviewed  in  the  Summary  to  Report  No.  2  of  the  present  project. 

The  difficulty  here  was  in  the  fact  that  this  di-di  type  silane  is  not 
ctMoeroially  available,  and  its  laboratory  preparation  is  quite  difficult,  la  I 

SECTION  ll-A<ftbe  present  report  some  experiments  were  made  using  a  tri-one  type 
silane,  such  as  tri-n-deeyl-oetadecyl  silane  (  Dow  Coming) .  The  results  were 
interesting,  however  this  silane  is  available  only  in  very  limited  quuiUties 
ccHsaereially.  J 
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It  was  desirable,  therefore,  to  find  other  metel  organic  modifying  agents  which 
are  commercially  available.  In  as  much  as  the  tetra  alkyl  titanates  and  the  zinc 
octoate  are  commercially  available,  a  commercially  available  modifying  agent  would 
contribute  to  make  the  products  of  this  development  accessable  for  further  large- 
scale  preparations.  An  interesting  phenomenon  of  the  modification  made  in  the 
prececing  project  with  tetra  alkyl  silanes,  was  that  there  was  a  silicone-carbon 
bond  available,  instead  of  the  titanium-oxygen-carbon  figuration  of  the  tetra 
alky Iti tana tes.  In  ravlaving  other  possible  modifying  amenta  containing  metal-carbon 
bonds,  it  was  observed  that  most  of  such  metal-carbon  bond  fluids  are  readily 
combustible;  the  results  with  a  modification  using  a  tetra  butyl  tin,  however,  were 
satisfactory. 

Another  modification  contained  boron,  but  here  the  carbon  radicals  were  bound 
to  the  boron  by  an  OR-group.  The  material  which  was  used  here  as  modifying 

agent  was  tri  isopropyl  borate. 

The  preparation  of  these  modifications  are  tabulated  in  SECTION  II-Band 
SECTION  II-C  in  PART  II  of  this  report. 

It  has  been  pointed  out  earlier  that  all  these  compounds  have  high  flame  points 
and  have  good  stability  in  the  various  test  groups;  but  that  their  viscosity  is  higher 
than  desirable  for  their  use  at  low  temperatures  and  that  they  therefore  require  a 
viscosity  reducing  additive.  As  such  a  material  cerlum-octoate  stabilized  form  of 
silicone  fluid  $10  (Dow  Coming)  had  been  developed. 

it  is  a  highly  interesting  fact  that  this  silicone  fluid  is  a  very  poor  lubrlcan 
and  that  the  four-ball  wear- test  at  60*^0.  with  20  kilogram  load  and  at  30  minutes  test 
length  produces  scars  of  1  to  2  mm.  length. 

The  product  of  of  this  project  alone  produces  under  the  same  conditions  scar 
lengths  of  0.3  and  0.35  mm. 

In  mixtures  of  these  products  with  the  stabilized  silicone  fluid  as  viscosity 
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reducer,  n  considorrlie  f.Tiourit  ol  ,joor  iuLricrtlnt;  vi.scof  ity  rcaucc  r  c?  u  I  e  ?  doro 
leforc  the  luuricrtion  ell'ect  of  the  new  proauct  is  being  decrensed  to  eny  precticai 
extent.  TAcLLii  153  and  154  show  these  results  on  the  tetrs  butyl  tin  modified  tetra 
isopropyl  titenate/  sine  octoete  reaction  procuct  a.nu  on  the  tri  isopropyl  borate 
modified  materials  Here  a  one-to-one  mixture  between  such  prouuct  with  a  stabilized 
silane  showed  nearly  the  same  scar  marks  as  the  not  diluted  straight  new  product  aloneo 

If  the  aoiount  of  diluent  has  been  Increased  further;  that  neans,  If  for  instance 
40  parts  of  one  of  the  new  products  was  viscosity  reduced  by  mixing  it  with  60  parte 
stabilized  silicone  fluid,  the  scar  lengths  were  Increased,  but  still  they  were  much 
smaller  than  the  scars  obtained  from  the  silicone  fluid  Itself.  This  indicates  special 
lubricating  properties  of  the  new  developments  which  are  Interesting  enough  to  be 
studied  further  on. 

These  combinations  of  the  new  titanate  derived,  complex  fluids  with  inhibited 
silicone  fluid  as  diluent  are  very  interesting  in  respect  to  their  viscosity/temperature 
relationship.  TABLE  154  and.  FIGURE  1  show  that  a  mixture  of  40  parts  of  the  tri 
isopropyl  borate  modified  product  with  60  parts  inhibited  silicone  fluid,  have  a  pour 
point  of  minus  85°F.;  and  at  minus  45°F.  and  even  below  that  the  fluid  mixture  shows 
viscosities  which  appear  to  be  well  within  the  limits  of  pumpabillty. 

It  is  interesting  to  note  that  the  viscosity  data  of  the  same  mixti'.re  produce  a 
straight  line  relationship,  when  plotted  on  seml-logaritliaic  paper  as  viscosity  versus 
the  reciprocal  absolute  ten^rature  in  Fahrenheit. 

In  TABLE  155  and  in  FIGURE  2  the  tin  modified  and  the  boron  modified  product  are 
compared  in  50:50  mixtures,  4$/55  mixture  and  in  40/60  mixtures  with  the  inhibited 
silicone  fluid;and  again  the  viscosity  data  are  plotted  cm  semi-logmrittamic  paper 
versus  the  reciprocals  of  the  absolute  temperature  in  Fahrenheit.  Here  the  differences 
in  viscosity  at  zero  and  at  minus  45°F.  connect,  with  the  three  Bd.xture8  of  each  of  the 
two  materials,  in  psxmllel  straight  lines,  in  spite  of  the  fact  that  the  change  in 
viscosity  and  in  pour  point  does  not  vary  to  same  axtmt  upon  increasing  the  ratio 
of  dilution  from  50:50  to  45:55  and  to  40:60. 


TABLB  1$3. 

STUDIES  ON  m  TETRA  KJTXL  TIN  MODIFICATIOB  OT  THE 
TETRA  IBOPROPTL  TITAMATE  /  ZINC  OCTOATE  REACTION  PRODUCT  DILUTED 

WITH  SILICOWE  FLUID  510  (  APTER  IWHIBITION  WITH  CERIUM  OC.TOATE  > 


MIXTURE  OF  40  PARTS  OF  THIS  PRODUCT  WITH 

60  PARTS  OF  INHIBITED  SILICON  FLUID  510 


( 


I.  FOUR-BALL  WEAR-TESTS  MADE  AT  THE  ESSO  RESEARCH  (ENJAI)  LABORATORIES  IN 
LINDEN, HEW  JERSEZ  WITH  A  PRECISION  SCIBTIFIC  FOUR  BALL  WEAR  TESTER 
(  WITH  FRinOLl  COOPERATION  OF  Mr.  N.R.  ROUX  }  60Pc./3O  Bin/ZO  kg/  600  RPM 

THE  TIN  MODIFICATION  UNDILUTED 


BALLS . 0;31 

0,31 

o:3i 


AVERAGE  ...P>31 


MIXTURE  i  1  tl  (  510)  .  BALLS 


MIXTURE  40  PRODUCT  i  60  (510)  _  BALLS 


.0.25 

o;3o 

0.30 


AVERAGE  ABOUT  0.3  mm 


0;43 

0;40 

CU42 


AVERAGE  ...  0*42  an. 
II.  FOUR-BALL  WEAR- TEST  WITH  TWICE  THE  LOAD  ,IHAT  IS  4  0  If.  (ON  OUR  INSTRU¬ 


MENT  )  AT  70  C 


SCAR  MEASURED  UNITS  ..  4.1 

4.4 

-La¬ 


in.  VISCOSITI  /  TBIPXRATURS 


AVERABE  4. lx  FACTOR  0.U5 
or  0.594  n . 

COMPARE  WITH  BORATE 


^0 

2o: 


READING 

FACTOR 

CERTIP018B8 

T  R 

A  WMi  A  A  VP 

CERTIPOISES 

"Tu? 

20 

172  ops. 

520 

11.5 

20 

230  eps. 

500 

300  opa.  ' 

25.0 

20 

500  <9«. 

480 

450 

28.0 

25 

700  ep«. 

4&0 

740  qpa. 
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TABLE  154. 


TEST  DATA  ^  TOE  TRI  ISOPROPYL  BORATE  MODIFICATIOH  OF  THE 
TETRA  ISOPROPYL  TITANATE  /  ZINC  OCTOATE  REACTIOH  PRODOCT  T  40  -  131 


( 


I.  POUR  POINTS  OF  THE  MATERIAL  AFTER  REDUCINQ  THE  VISCOSin  WITH 

CERIUM  OCTOATE  INHIBITED  DON  SILICCME  FLUID  510 : 


RATIO  >1:1  (510)  .  MINDS  6  1°F  . 

44.4  >  55.551  (510)  .  MINUS  6  5°  F . 

40  :  60  (  510)  .  MINUS  8  5°F. 


II.  FOUR  BALL  WEAR  TESTS  MADE  ON  THE  PRECISION  SCIENTIFIC  - 


SHELL  F0UR-6ALT,  WEAR-TESTER  IN  THE  SUMMIT  LABORATORY  OF  THE  CELANESE  CORP. 

(  WITH  FRIENDLY  COOPERATION  OF  Mr.  JOHN  KOCH  AND  PAUL  SCHUMACHER  ) 

TESTED  AT  60°C  ,  -  30  Bin - 20  k*.  -  600  RPM. 

THE  PRODUCT  T  40-131  UNDILUTED  :  BALL  0.32  bb 

0.30  BB. 

0.31  — 


THE  DILUTED  PRODUCT  1:1 

(  510) 

BALL 

AVERAGE  ... 
0.37  BB. 

...  0.31 

THE  DILUTED  PRODUCT  40  > 

60(  510) 

BALL 

0.38  BB. 

0.36  n. 

AVERAGE  ... 
0.42  BB. 

...  0.37 

0 . 47  BB . 

94?  MW  - 

AVERAGE  ... 

»  •  e 

III.  VISCOSITY  or  THE  MIXTURE  OF  40  purts  PRODUCTS  AMD  60  parts  SILICONE  510 


TBPERATURB 

READING 

FACTOR 

CBITIPOISES 

7.5 

20 

150 

8.3 

20 

10.5 

20 

210 

^0 

15.0 

20 

300 

20 

22.5 

20 

45P 

37.0 

20 

740 

-  20° 

64.0 

20 

1280 

-  45S 

23  .a 

100 

2300 

-65o 

42.0 

100 

4200 

-  75 

65.0 

100 

6500 

POOR  POIIT  .. 

**BIL0R 

0 

-  85  F  , 

(Plotted  in  FIGURE  1.) 


T**  R _ 1/  TOR  3C  100 


5yr 

0.1865 

525 

0.1905 

510 

0.1960 

>00 

0.2000 

480 

0.208 

m 

0.217 

440 

0.227 

415 

0.2a 

395 

0.253 

385 

0.260 

18  FAnnHlIT  ABSOLUTE  or  RAMKUE 
®R  18  ®r  PLUS  459.58 

5. 


VISCOSITX  CEMTIPOISES 


riGDRX  1 


THE  TRllSOPROPXL  bORATE  MOOIFICATIOH  OF  THE  TlT!ULl30PRtffIL  TlTAMATl/ZlIC 
OCTOATE  REACTION  PBOOUCT  (T  40-131) . 

VISCOSITX  REDUCED  WITH  CERIUM  OCTOATE  STAblUZEO  SlUCONE  FLUID  510 . 

(40  PRODUCT  T  40-131 
60  STABILIZED  SlUCONE  FLUID  510.) 

(PLOTTED  ON  SfMI-LOGARlTtMIC  PAPER  -  3  CXCLES  X  10  to  th«  Inob.) 

;  / 

/  T‘j^  <  l6  0  ABSOLUTE  TWPERATURE. 


TABLE  155. 

DATA  OP  THE  TETRA  BDTYL  TIN  MODIFICATION 

AND  THE  TRI  ISOPROPYL  BORATE  MODIFICATION 
OF  5^  REACTION  PRODDCT  BETWEEN  TETRA  ISOPROPTL  TITANATE  AND  ZINCOCTOATE 
DILUTED  WITH  CERIUM  OCTOATE  INHIBITED  SILICONE  FLDID  510 


THE  TETRA  BUTTL  TIM  MODIFICATION 


MIXTURE  :  SILICONE  FLUID 

50 

55 

60 

MODIFIED  PRODDCT  : 

50 

45 

40 

FOUR  BALL  WEAR  TEST  SCAR  : 

0*30  m  • 

0.42  mm. 

THE  PRODUCT  WITHOUT  FLUID: 

0.31  mm  . 

SILICONE  FLUID  ALONE  : 

1.75  IBB  .  0 

POUR  POINT .  -  6  0  F. 

-  6  5®F. 

1 

-  8  6®F. 

VISCOSITY  IN  CENnpOISES 

AT  ZERO  °F  . 

1  9  00 

115  0 

7  8  0 

AT  MINUS  4  S'V. 

5  3  5  0 

3  6  5  0 

2  4  5  0 

THE  TRI  ISOPROPYL  BORATE  MODIFICATION 

FOUR  BALL  WEAR  TEST  SCAR 

THE  PRODUCT  WITHOUT 

FLUID  t  0.31  am  . 

0.37  mm 

o 

0.46  mm. 

POUR  POINT . 

VISCOSITY  IN  CENTIPOISES 

-  6  1®F 

-  6  7  ®F  . 

-  8  8°F. 

AT  ZERO  F. 

17  0  0 

CpB.  1050  cpS. 

750  q;)8. 

AT  MINOS  4  5®F  . 

5  0  0  0 

epe.  3450  cps. 

2300  cps. 

THE  nSCOSITX.DA^  ARE  PLOTTED  II  FIGURE  2.. 
7. 


naoRE  2 


TBi  nsoosin  of  thi  mixtoris  op  thx  nnu  bdtxl  tu  WDincATioi  or  of  thi 

TRI  XSOPROPIL  BORATI  lODIFICATlOl  OF  THE  RIACTIOR  PRODDCT  BRIEEI  TITRA  180- 
PROPXL  TITAHATI  AMD  ZINO  OCTOATI  (  fti)  WITH  OXBIW  0010ATB-8TABIUZXD 
81UC0MI  FLUID  510. 

nST  DATA  TAUa  AT  ZIRO  F  AID  AT  MIBOS  45  F  AID  PLOTTB)  01  laU-UnARITBIZe 
PAPER  (  3  0X018  X  10  TO  THE  IICH  ) 

_  Til  MOOXFXiOATiai 

visooszn  ^  ^  -  jQMi  junmcATioM 

IR  CBITXPOZStS 


In  further  suiamarlelng  this  report,  the  following  aspects  are  listed: 

PART  1  studies  various  applications  of  catalytic  additives  to  the  inter-reaction  between 
tetra  alkyl  tltanates  and  basic  zinc  octoate.  Herein: 

SECTIOM  1-A  uses,  titanium,  tetra  chloride  as  catalyst  In  TABLES  156  and  157. 

SECTION  I-B  uses  alunlnun  trichloride  as  catalyst  and  this  Is  at  this  time  the 
preferred  preparation  method.  These  preparations  are  shown  In  TABLES  158-166. 

SECTION  1-C  uaea.  an  organic,  catalyst*  the  butylene  oxide  12*  as  shown  In  TABLE  167. 

SECTION  1-0  further  discusses,  the  .various  preparations  with  respect  to  their 
properties.  (TABLES.  168-172)..  These  are  dlsoussed  fiurtber  in  the  Introduction  to 
Section  Z* 

PART  II  studlea  the.  various,  forms,  of  modification  of  the  products  of.  PART  1  with  other 
metal  organlea. 

SECTION  II-A  usee,  a  .trl  n  deeyl  octadeeyl  silane  (  TABLE  173-174)* 

SECTION  II.<B:  studlsm  the- modification  with  dibutyl  tin  dichloride  and-  with  tetra 
butyl  tin  uses  the  product.of  SECnOH  .I-A  and  I-B  (TABLES  175-185). 

SECTION  II-C  usea  as.  modifying  agmt  trl-n-butyl  borate*  using  it  with  the 
product  of  SECTIOS  I-A  and  SECTION  I-B  (  TABLES  186-190). 

SECTION  II-O  uses  a  number  of  organic  modifying  agents*  including  one  containing 
chlorine  and  one  containing  bromine  (  TABLES  191-194) • 

PART  III  resumes  the  work,  of  SECTION  E  of  Report  Ho.  3*  on  the  introduction  of 
phosphorus. groups  into  titanate  compounds.  In  this  respect*  tests  with  2-ettayl  he:qrl 
phosphate,  (trl  octyl  phosphate)  are  continued  in  SECTION  IIl-A  (  TABLES  195-201).  Also 
are  showm  coaddnatioam  of  the  aliphatic .  tri  octyl  phosphate  with  the  aromatic  tri 
cresyl  phosphate.  (  SECTION.  IU.4)  (TABLES  202-203). 

In  SUnOI.  lU-G.  (.  TABLES.  204-206)  two  other  organo  j^q^tss  era  being  studied* 
the  tris-B-«)^rethyl.  phosphate,  and  the.  trl  hutoxyethyl  ^^hate. 
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In  SECTION  111-0  (  TABLES  207-208)  addlUonal  studies  are  made  with  di  2  etl^l 
hexyl  phosphoric  acid,  continuing  Section  E-3  of  Report  No.  3* 

PART  IV  (  TABLE  209)  gives  new  studies  on  the  inhibiting  of  the  silicone  fluid  510 
and  the  weight  losses  which  occur  hereby. 

The  woiic  scheduled  for  the  new  report  period  is  listed  on  the  last  page  of  the 
report. 

The  work  reported  herein  has  been  perfoimed  in  Research  Building  No.  3  of  the 
Research  Division,  College  of  Engineering,  New  lotk  University,  under  the  direction 
of  Dr.  Max  Kronsteln.  The  following  members  of  the  research  staff  have  participated 
in  the  work; 


Edward  1.  Stlefel 
Robert  A.  Sierra 
Jeannette  Grace  Musoo,  B.S 
Michael  R.  Carroad,  B.Ch.E< 
William  kapfer,  Ph.O. 
Marlon  W.  kronstein,  A.B. 


Research  Aide 

Research.  Aide 

Research.  Aide 

Research  Aide 

Chemical  Engineer 

Assist.  Research  Scientist. 


10 


PART  I.  THE  PREPARATION  OF  THE  FUJID  REACTION  PRODUCT  BETWEEN  TEIRA  ISOPROPYL  TITANATE 


AND  BABIC  ZINC  OCTOATE. 

INTROIXJCTION 

The  inter-reaction  between  tetra  alkyl  titanates  and  basic  zinc  octoate  has  been 
discussed  in  preceding  reports  <>  The  reaction  is  being  studied  further  here  as  a  step 
in  the  development  of  new  complexes  which  are  being  obtained  by  fbrtber  modifying  this 
reaction  product.  Hereby^  a  nmtber  of  different  catalysts  ere  being  used,  wad  the 
observation  is  made  that  .different,  cately eta  result  in  different  propertiee.of .  the 
reaction  products. 

SECTION  I-  A.USIMG  TIIAMOM.  lElBA  CHLORII^  AS.  CAlAIJgl.  (  TABLES  156-157) 

The  use  ef  titanium,  tetra  chloride  as-  oetelyst  has  been  deseribed>  in  ewrlier 
reports  (Report  No.  3, Beet.  B  ).  It  is  described  again  in- TABLES  156-157:  once  in  the 
production  of  the  initial  reaction  product,  and  once  in  a  bmsyl  alcohol  modification 
of  these  products.  TABLE  157-XIl.  here  shows  a  greeter  amount  of  decompositioa  product 
in  a  72  hour  oxidation  test  (  200°C.  (392°F.)  with  5  liter  air  per  far.)  than  the  product 
produced  with  aluminum  chloride  as  catalyst. 

SECTION  I-  B.  USING  ALUMINUM  CHLORIDE  AS  CATALIST .  (  TABLES  158-166) 

A  considerable  number  of  preparations  have  been  made  of  the  reaction  product  with 
aluminum  chloride  as  catalyst.  . Special  attention  has  been  paid  here  to  the  observation 
that  in  the  vacuum  distillation  there  exists  a  very  small  cut  of  an  organo  distillate 
between  the  main  low  cut  and  tlu  actual  reaction  product.  Vhma  the  few  cc.  of  this 

I 

yellow  material  is  not  separated,  it  causes  a  discoloration  of  the  reaction 

i 

product  and  a  lowering  of  the  flash  point  of  the  product. 

Observations  on  the  various. preparations  are  glvm  in  the  Tables.  At  the  bottom 
of  TABLE  159  is  shown  another  stu^  of  the  limited  flammability  of  these  products,  which 
under  proper  preparation  contain  hardly  any  low  cut,  before  reaching  the  flame  point  of 
the  material  itself,  which  is  around,  and  above  300°€.  (  57i^.). 

(Continued  on  page  23.  ) 
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TABLE  156 


PREPARATION  OF  THE  TPT/ZINCOCTOATE  PRODUCT  WITH  T  i  CI4  AS  CATALYST 


I.  T  43  -  30 

USED  600  g. ZINC  OCTOATE 

200  g.TETRA  ISOPROPYL  TITANATE 
3-4  drops  Ti  CI4 


HEAT  DEVELOPED  ON  MIXING 


TIME 

Bio  . 

TEMPERATURE  V  A 

C  ,  F.  TAPE 

R  I  A  C  S 

TOP  BOTTOM 

PRESSURE 

VOLUME  ROIAISS 
■1 . 

- 

4oHi04°F)  15 

40 

45 

5 

20 

46  15 

45 

45 

5 

55 

75  (167°F)  15 

45 

45 

5 

CLEAR  COLORLESS 

70 

100  15 

45 

45 

5 

COT  COMING 

90 

125  (257®F)  20 

45 

50 

5 

110 

UO  (284?r)  20 

45 

50 

5 

150  ■!. 

125 

130  20 

45 

50 

5 

210  ■!.  COT  I 

150 

U5  (293®F)  25 

60 

65 

8 

-  FDMES 

175 

250  (4«2®F)  25 

60 

65 

7 

195 

3  1  5  (  599®)  30 

60 

70 

7 

ABOUT  250  ■!.  PRODUCT 

II.  T  43 

-31 

USED  ....  570  g. 

ZINC  OCTOATE 

190  g  7ETRA  ISOPROPYL  TITANATE 
3-4  drops  Ti  Cl/ 

BEAT  DEVELOPED  (»  HIHIIQ 


TIME 

■in. 

TIMPERATURE  VARIAC 

C,  .  F. 

PRESSURE 

VOLUME  BBUBKS 
li. 

- 

40 

5 

15 

60  (140°F) 

40 

5 

IQ  wl.  CUT  I  CLEAR  COLORLESS 

30 

45 

45 

5 

60 

45 

45 

5 

100 

50 

45 

5 

A 

110 

35  „ 

45 

5 

130 

105(221®F) 

55 

5 

25  wl.  CLEAR  COLORU^ 

U5 

115(239®F) 

55 

5 

75  ■!. 

155 

130(266®F) 

55 

5 

120  ■!. 

185 

no  (230®F) 

55 

8 

200  ■!  . 

CUT  II  ....  212  g 

250 

320  (606®F) 

65 

2 

280 

320 

65 

2 

PRODUCT  OBTAINED  ....  4  6  2  g 

TABLI  157 


THl  BEBZILALCOHOL  MODIFICATIOB  OT  THE  TITRAISOPRDPIL  TITAIATE- 

ZINC  OCTOATB  REACTIOH  PRODOCT  WITH  Ti  Cl.  CATALIST 

_  ________ ______  ■  4  ■■ 

I.  REDISTILLATIOH  OF  THE  REACTIOH  PRODUCT  (  T  40  -  108) 


TIME 
■ia  . 

TaiPERATURE  VARIAC 
C- 

PRESSURE 

• 

TOLUHE  WHiAWrfl 

■1 . 

27  (80°F)  70 

0.5 

100 

2&0  (500  I)  70 

0.5 

VAPOURS  APPEAR 

120 

295  (563°F)  to 

0.5 

10  CLEAR  OBAIGE  HATEBIAL 
DISTILLS 

140 

295  70 

0.5 

40 

1€0 

295  _  70 

0.5 

100 

220 

3  1  0(590  )  70 

0.5 

200  alJO  KOBE  FLUID  LEFT.  IB 

FLASEfim  SUBHT  AEOBHT 
OP  DlCOHPOSITIOH. 

BEHZXULCOHOL  HODIFICATIOi  OF  THE  PRODUCT  I. 

USED 

185  PBODUCT  or  I  ( 

55  g.BSHZXLALC(»OL 

T  40-108) 

T  40-109 

28  (82°F)  70 

2.3 

30 

80  1176®F)  70 

2.3 

CLEAR.COLOBLESS,  THHRUGHT 
XELLOH  FLUID  DISTILLS 

70 

80-  95  70 

2.3 

70  ■!. 

65  i.LOH  COT 

150 

260  (  500OF)70 

2.3 

PBODUCT  APPEARS 

170 

3  1  0(590°F)70 

2.3 

60  ■!.  OOLDII  XELLOH  PBODUCT 
DISTILLS  AT  COHSTAHT 
TMPERATURE 

200 

312(593°F)  70 

2.3 

170  Bl. 

III.  OXIDATIOH  TEST  OF  THE  PBODUCT  OF  II. 

USED  1  purt  OF  PRODUCT  II  WITH 

1  part  IHHIBITBD  SOB  lUID  510 

REST  WASHED  WITH  BnZBE  ABD  ACETDBE,  HEATED  TO  ABOUT  200°G  M 

TBCOai 

OnHATlOl  TEST  AT  200°C  .  WITH  5  UTBB  /  HOUB  All  PA88IH0 
USED  50  g..  niS  PBODUCT  ■SIE’ini  Ti  CI4  SMiED  ABAIB  BOHI  DBOCEPOSITIOI 
THE  PEOOUCT  HADE  WITH  A1  Clj  FA88I8  THIS  TEST  HDOH  EA8IBB. 
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PART  I-  SECTION  I-B 


TABLE  158. 

REACTING  TETRA  ISOPROPYL  TITANATE  AND  ZINC  OCTOATE 
WITH  _A  1  Cl.^  AS  CATALYST 


I.  T  43  -  A6 

USED  _  450  g.ZINC  OCTOATE 

150  g. TETRA  ISOPROPTL  TITANATE 
SHALL  AHOUBT  OF  A1 


TIME 
■In . 

TBIPBRATORI  VARIAC 

C  . 

PBE8SDBB 

TOLOME  REMARKS 

30  (86®F) 

40 

2-6 

15 

52  Q 

45 

2-6 

10  LIGHT  YELLOW 

40 

57  (135  F) 

45 

2-6 

10 

60 

^00  o 

45 

2-6 

35 

85 

160  (320  F) 

45 

2-6 

95 

105 

175  (347®F) 

45 

2-6 

Mi. 

COT  I 

140 

170  (338®F) 

45 

2-6 

5  ORANGE  ILDID 

COT  II 

180 

320-330 
(608OF.-  626®F) 

60 

2-6 

225  g.PROroCT 

43  -47 

REPEAT  TEST  WITH  THE  SAIE  QDAHTITIB8 

30  (86®F) 

40 

2-6 

30 

70 

40 

2-6 

» 

35 

UO  (230°F) 

40 

2-6 

LIGHT  lELLOl  CLEAR  CUT  COMES 

70 

160  (320®F) 

40 

2-6 

55 

75 

160 

40 

2-6 

70  SLIGHT  FOIES 

85 

160 

40 

2-6 

95 

120 

UO  (284  F) 

40 

2-6 

175 

uo 

130  (266®F) 

40 

2-6 

COT  I 

165 

140 

60 

2-6 

5  DAK  ORANGE 

COT  II 

190 

327-333 

(620®F)-(631®F) 

60 

2-6 

4  0  0  ■!.  PRODDCT 

TABLE  159 


MEW  PREPARATIOMS  OF  THE  REACTIOM  PRODUCT  BETWEEH 
TETRA  ISOPROPIL  TITAMATE  AMD  BASIC  ZIMC  OCTOATE  (  ZINC  -2  ETHIL/ -HEXAMOATE)  22%  2a) 
WITH  J1_C  I3  AS  CATALYST  (  T  39  -  33  ) 

USED. ...  570  g.  ZIMC  OCTOATE 


190  c  .TETRA  ISOPROPIL  TITAMATE 


0. 

TIME 
■ia . 

10  g  A1  a3 

TEMPERATURE  VARIAC 

C  . 

pressure 

HEAT 

VOLUME 

■1. 

EVOLVED  ON  MIZIMG  1 

REMARKS 

15 

58  (136®F)  50 

2-4 

C  D  T  I 

30 

40  50 

2-4 

- 

45 

62  50 

2>4 

- 

60 

95  (203®F)  50 

2-4 

30 

SrJOHTIJ  PALELIOUIP 

65 

102  {215®F)50  -  55 

2-4 

50 

PAU  LIQUID 

75 

105  55 

2-4 

80 

PALE  lELLOH  LIQUID 

90 

125(257°F)  55 

2-4 

U5 

PALE  XELLOW  LIQUID 

105 

125  55 

2-4 

195 

130 

85  „  55 

2-4 

210 

155 

no  (230  F)  55 

2-4 

210 

180 

98  60 

2-4 

213.5  ■!.  LIGHT  BROMI 

C  U  T  II 

210 

200(392°F)  60 

2-4 

- 

230 

230(u6OF)  65 

2-4 

- 

255 

295(563®F)  65 

2-4 

- 

315 

320(608°F)  70 

2-4 

PRODUCT  IS  COMIMG  OVER 

375 

3  2  2(6110F)70 

2-4 

HELD 

. 4 

DISTILLATICM  OF  IHE  VISCOUS 
IRLLOW  REACTI(»  PRODUCT  COM¬ 
PLETED. 

5  0  g. 

(527^) 

(572®F) 


STODX  OF  THIS  REACnOM  HELD  OR  IMFLAWABIUn  (  T  39  -  34  ) 

WHm  FIRST  HEATED  IM  OPBi  DISH  AMD  HOT  BDMSBM  BUBMER  lUUUS  WAS 

HELD  AGAINST  THE  SURFACE, IT  TOCHL  6  0  8EC(XIDS  tUTIL  A  FLAME  OCCORED 


WHEH  nRST  HEATED  IM  OPEN  DISH 


C .  THE  ROT  FLAME  PRODUCED  A  FLAME  AFTER 

) 

2  6  SECONDS  AMD  THE  l^UmTUBE  OP  THE  FLUID  REACHED  HEREBI^°C. 

WBn  niST  HEATED  IM  OPBI  DISH  TO  2  5  O^C  SE  FLAME  OCCURRED  SEBIR  THE,^  TIST 
CQRSIIIOM  AFTER  15  SBOOID  AMD  THE  TmiATDlE  EOn  TD  260  SiiOOm 
WHB  FIRST  EEAIID  TO  275»C.  HE  FLAIB  OCCURRED  AFTER  3  SWOMBt.ERO  WP.t  27|C. 
IHRH  HRST  HEATED  TO  30oVtBE  FLAME  OCCURRED  QUiaCJ.  TO  TRVBRATURB  t  300°e. 

15. 


TABLE  160 


PREPABATIONS  OF  ^  REACTION  PRODUCT  BETWEEN 
TETRA  I50PR0P1L  TITANATE  AND  BASIC  ZINC  OCTOATE  WITH  A1  Cl,  CATALIST  (II.) 
T  39  -  35 


USED  t  450  g  .ZINC  OCTOATE  22$  Zn 

150  c. TETRA  ISOPROPYL  TITANATE 

0.10  f.Al  Cl^  HEAT  EVOLVED  ON  MIXING 

TIME  TQIPERATDRE  VARIAC  PRESSURE  VOLUME  REMARKS 
■In  . _ C  .  F. _ _ 


- 

60  (140°F)40 

2-4 

15 

60 

40 

2-4 

30 

40 

45 

2-A 

60 

30 

50 

2-4 

10  CLEAR  LIQUID 

11  BEGINS  TO  SHOW  PALE  YELLOW 

12  _  CUT 


90 

115(239  F)  50 

2-4 

105 

105(2a®F)  50 

2-4 

125 

126(258®F)  55 

2-4 

150 

112{233°F)  55 

2-4 

180 

90  60 

2-4 

195 

115  60 

2-4 

210 

170  (338°F)65 

2-4 

225 

230(U6®F)  66 

2-4 

240 

280(536°F)  68 

2-4 

250 

290(554°F)  70 

2-4 

300 

3  3  0  (626^)70 

2-4 

REPEAT  TEST 

T  39  -  39 

USING  S 

/«£  /KOUNTS  OF  MIXTURE 

- 

18  (64°F)40 

2 

15 

19  45 

2 

45 

30  60 

2 

55 

98(208°F) 55 

2 

60 

98  55 

2 

65 

99  55 

2 

135 

U  -60 

2 

150 

110(230°F)60 

2 

165 

130(266  F)68 

2 

180 

245(473®F)68 

2 

195 

3  15  o  70 

2 

(599  F) 

210 

315  70 

2 

225 

315  70 

2 

240 

312  70 

2 

255 

315  70 

2 

270 

316  70 

2 

300 

316  70 

2 

315 

3  2  0(608'^ 

2 

3  3  0 

- 

- 

16. 


75 

90 

c  u 

T  I 

100 

PDR£ 

YELLOW 

LIQUID 

110 

II 

It 

n 

118 

II 

n 

n 

120 

m 

n 

n 

122 

n 

II 

n 

127 

131 

136- 

n 

n 

If 

C  U  T  II 

15  0c.  CLEAR  VISCOUS  REACTION 
PRODUCT 
C  U  T  III 


2  CLEAR  LIQUID 

2  CUT  I  MOT  SEPARATED 
62  PALE  YELLOW  LOW  VISCOUS 

•jry  «  «  If  H 

87  n  "  H  « 

170  CLEAR  YELLOW  LOW  VISCOUS 

171  LIGHT  BROWN  MORE  VISCOUS 

173  »  n  H  n 

175  «  "  "  " 

-  END  OF  LOW  CDT,PRODUCT  COMING 
CUT  I/II 
PRODUCT  COMING 

CLEAR  YELLOW  VISCOUS  PRODUCT 
STILL  COMING  OVER 
STILL  COMING  OVER 
STILL  COMING  OVER 
STILL  COMING  OVER 
STILL  COMING  OVER 

TOTAL  YIELD . .  300  f. 

tOBTAllED  IN  NARROW  DISTILUnON 
lAMOE  IN  SLOW  DISTILUTIOM} 


TABLE  161 


MEW  PREPARATIOHS  OF  THE  TETRAISOPROPIL  TITAHAT^ZIEC  OflTOATE  PBODOCT  (  III  ) 

A.  T  39-  36  :  USED  450  | .  ZIHCOCTOATE  22%  Zn 

150  ( .  TETRA  ISOPROPYL  TITAKATE 
0.10  f  .  A1  CI3  HEAT  EVOLVED  OH  MinHG 


time  TEHPERATURE  VARIAC  PRESSURE  VOLUME  REMARKS 


■in . 

C  .  F. 

an  . 

■1 

0 

15 

40  (104"F) 

40 

2-4 

7 

CLEAR  FLUID  Ho7  vXSCCtjH  CuT  1 

45 

128  (262°F) 

45 

2-4 

85 

PALE  YELLOW  NOT  VISCOUS 

60 

130 

45 

2-4 

150 

PURE  YELLOW 

85 

120  - 

50 

2-4 

167 

PURE  YELLOW 

105 

138(280  F) 

55 

2-4 

170 

BROWN  LIQUID  NOT  VISCOUS 

120 

285(545°g) 

3  1  8(604  F) 

55 

2-4 

171 

BROWN  LIQUID 

135 

60 

2-4 

m. 

END  OF  CUT  II,  PRODUCT  COMING 

155 

315  (599°F) 

53 

2-4 

C  U  T  II 

PRODUCT  COMING  OVER 

245 

325  (6I7OF) 

60 

2-4 

265  g  „  HELD:  CLOUDY,  HILL  BE  REDISTIL 

T  39-  37 

10 

SAME  AMOUNTS  USED  AS  IN 
36  25 

A 

2-4 

4 

-LED 

20 

33 

40 

2-4 

_  CLEAR  FLUID  CUT  I 

35 

45 

45 

2-4 

- 

50 

112 

35 

2-4 

54 

PALE  ALMOST  CLEAR  LIQWID 

70 

115 

35 

2-4 

109 

■  Ha  n 

90 

98 

35 

2-4 

184 

BROWN  YELLOW  LIQUID 

155 

65 

40 

2-4 

199 

H  n  H 

180 

130 

50 

2-4 

201 

n  n  n 

205 

285  (545°F) 

55 

2-4 

201 

END  OF  LOW  CUT,  PRODUCT  COMING 

210 

310  (590°F) 
240  (464®F) 

55 

2-4 

C  U  T  II 

PRODUCT  COMING  OVER 

240 

53 

2-4 

SOME  VIGOROUS  BUMPING 

255 

306  (582®F) 

53 

2-4 

PRODUCT  COMING  OVER 

270 

310  0 

50 

2-4 

PRODUCT  COMING  OVER 

285 

305  (  581  F) 

53 

2-4 

PRODUCT  COMING  OVER 

300 

309  0 

53 

2-4 

PRODUCT  COMING  OVER 

315 

255  (491  F) 

55 

2-4 

SOME  BUMPING 

345 

- 

- 

HELD  ... 

..  150  I. 

FLASK  RESIDUE  CBEAHX  COLORED 


C)HEDISTILLATIOH  OF  HELD  FROM  A  AHD  FROM  B  T  39  -  38 


30 

75  (167°F) 

60 

2 

2 

YELLOW  UQUID 

40 

98 

60 

2 

15 

R  H 

60 

123  0 

65 

2 

26 

R  R 

70 

190  (374”f) 

65 

2 

29 

LIGHT  BROWN  LIQUID 

85 

300  (  572®r) 

65 

2 

U 

DARK  BROWi  AND  VISCOUS 

15 _ 

300  0 

55 

2 

JSQ. 

BID  OF  RBCVID  CUT 

150 

3  0  5  (  581  F) 

55 

2 

4 

CLEAR  YELLOW  PRODUCT 

210 

305  0 

55 

2 

5 

330 

320  (608  F) 

60 

2 

50 

POU  CLEAR  YELLOW  PRODUCT 

360 

320  0 

60 

2 

150 

PORI  CLEAR  YELLOW  PRODUCT 

375 

321  (610-F) 

60 

2 

250  1 

■1,  POU  CLia  YELLOW  BRODDCT 

390 

322  {fniZr) 

60 

2 

300 

POU  CLEAR  YELLOW  PRODUCT 

420 

320  (608°F) 

60 

2 

TOTAL  HILO 

•  •  •  •  1 

B  0  f .  PRODUCT 

17 


TABLI  162, 


MORE  PREPARATIOMS  OF  THE  TSTRA  ISOPROPXL  TITAMATI  -ZIMC  OCTOATI  RIACTIOM  PROmCT 


WITH  A1  CI3  AS  CATALIST 


I.  T  38-  107 


USED, o ,  300  §.  TSTRA  ISOPROPIL  TITARATE 
900  fcBASlC  ZIHC  OCTOATE 
0.5  C°A1  CI3 

TIMS  MPESATURS  TARIAC  PRSSSORM  VOLUME  IBIARKS 


■in  ■ 

C  0 

F.  I 

II 

■B  . 

■1 . 

30(8^)50 

30 

2-4 

130 

140(294)50 

30 

25 

160 

U5 

50 

30 

125 

180 

150(302)60 

30 

200 

200 

160(320)70 

30 

290 

220 

170(338)75 

30 

340 

230 

220(428)80 

35 

LOW  CUT 

240 

270(518)80 

35 

2-4 

5 

280(536)80 

35 

10 

275 

340(6U)80 

35 

2-4 

20 

280 

340 

80 

35 

20 

320 

345 

80 

35 

240 

330 

335(635)80 

35 

340 

340 

320(608)80 

35 

400 

.M. 

318(604)80 

35 

pionicT 

II.  T  40 

-  99 

USED  . 

...266 

(.TSTRA 

ISOPROPIL  TITARATE 

800  (.BASIC 

ZIRC  OCTOATE 

0.3  f .  A1 

CI3 

25  (77^^)  -60 

60 

2.5 

35 

105 

60 

60 

2.5 

LOW  CUT  APPEARS  AS  CLEAR  COLORLESS 

60 

112 

60 

60 

2.5 

100  MATERIAL  WHICH  DARURS  FIRST  TO 

110 

125 

.  60 

60 

2.5 

200 

XSLL0W.THBR  TO  ORARQS  AS  DISTILU- 

120 

160  (320^)60 

60 

2.5 

250  TICMI  FR06RBSSIS 

160 

185 

60 

60 

2.5 

275 

180 

150 

60 

60 

2.5 

278 

ft 

C  U  T  1 

200 

195  (  383o)60 

60 

2.5 

- 

CUT  APPEARS 

220 

209  (408  )  60 

60 

2.5 

__5. 

RED  LIQUID 

C  U  T  II 

240 

285  (545^)70 

70 

2.5 

- 

PRODUCT  APPEARS 

260 

298  (  568®)  65 

65 

2.5 

30 

270 

3  12 

-  65 

65 

2.5 

100 

COmHa  AT  CORSTAMT  TOffERASU^ 

300 

.  312  (  593  )  65 

65 

2.5 

300 

320 

312 

n  65 

65 

2.5 

500 

315  (  599  ) 65 

65 

2.5 

650 

■1.  HELD  ...  640 1. 

liMF  •••  He 

umi  DICCI0O8ITIOI  MATERIAL  IM  WUM. 

18. 


TABLE  163. 

MORE  PREPARATIONS  OF  THE  REACTIOM  PRODOCT  OF  TETRA  ISOPROPYL  TITAMATE 
AMD  ZIMC  OCTOATE  WITH  A  1  C  l3  AS  CATALYST 


I.  T  42  -  129 


USED  900  g.ZIMC  OCTOATE  22% 

300  g  oTBTRA  ISOPBOPXL  TITAMATE 


TIME 

■la . 

0.3  g 

TBIPERATDRE 

C. 

.  Al  CI3 

VARIAC 

PRESSURE 

HEAT  OH  MIZIHQ 

VOLUME  REMARKS 
■1. 

• 

25 

40 

10 

60 

110 

65 

7 

25  CLEAR, SLIGHTLY  lELLOW 

SO 

125 

65 

7 

90 

100 

135 

65 

10 

160 

110 

U5 

65 

10 

240 

120 

130 

65 

10 

320 

C  U  T  I 

180 

70 

70 

10 

5  'DARKEB.XELLOW 

210 

125^  0 

70 

10 

15 

270 

220  (428-F) 

75 

10 

25 

300 

280  (  536  F) 

75 

10 

EMD  OF  CUT  II 

PRODOCT  CAME  OVER  BEIREEM  ^^3^0  AMD  ^^^5  °C . ABOUT  400  al . 

II.  T  42-  132 

USED  450  g.  ZIMC  OCTOATE  22  % 

150  g .TETRA  ISOPROPIL  TITAMATE 


0.3  g  Jll  C'l3  HEAT  EVOLVED  OM  MIXIMG 


- 

25 

45 

2 

- 

60 

95 

50 

2 

10 

LIGHT  CLEAR  XELLCRT 

70 

100 

50 

2 

50 

110 

UO 

50 

2 

100 

140 

120 

50 

2 

150 

iflSL 

130 

50 

2 

165 

COT  I 

240 

95 

60 

2 

5 

DARKER  XELLOH 

260 

130 

70 

2 

10 

300 

240 

75 

2 

Ol. 

CUT  II 

320 

(^5.4,'^  5^4) 

75 

2 

ABOUT 

300  ■!. PRODUCT 

III.  T  42-127  BEIZXL  ALCOHOL  MODIFICATIOM  OF  PRODUCT 


USED  150  g 

JBZXLALCOHOL 

T  0 

300  g.  PRODUCT  (BIIH  Al  CI3) 

25 

45 

2-10 

- 

30 

95 

45. 

2-10 

10  CLEAR  DI8TZLUIB 

m 

95- 

S3 

2-10 

-43Q  CUT  I 

170 

170 

60 

2-10 

30  XBLOi  BUT  OLEa  CUT  II 

13SL 

250 

60 

2-10 

10  EMKIR  KffiB  nSCOUBuXELLOl 

240 

(^5^4.-  %4) 

60 

2-10 

2  7  5  t.FIOISOT 

19 


TABLE  164 


MORE  PREPARATIONS  OP  THE  REACTION  PRODUCT  BETWEEN  TETRA  ISOPROPXL 


42-  134 

TIME 
■In  . 

USED  ...  570  g.ZINC  OCTOATE 

190  g. TETRA  ISOPROPXL  TITANATE 

0.5  g.Al  CI3 

TEMPERATURE  VARIAC  PRESSURE  VOLUME  REMARKS 

_ _ IIL _ _  _ 

* 

25 

2 

- 

30 

40 

45 

2 

15 

CLEAR  COLORLESS  CUT  I 

60 

60 

50 

2 

- 

70 

90 

50 

2 

25 

SLIGHTLX  XELLOW 

100 

110 

50 

2 

75 

130 

115 

50 

2 

150 

150 

115 

55 

2 

200 

200 

150 

70 

2 

220 

DARKER  XELLOW 

260 

280 

70 

1 

225 

300 

3  1  0(590°F)  70 

1 

PRODUCT  CAME  OVER  AT  3  1 

o'c....  ABOUT  600  ■!. 

T  42-  136  USED  SAME  AMOUNTS 

25 

40 

2 

60 

45 

55 

2 

25 

CLEAR  AMD  COLORLESS  CUT 

90 

90 

55 

2 

25 

SLIGHTLX  XELLOW 

140 

115 

65 

2 

125 

240 

265 

70 

2 

220 

310 

3  10 

PRODOCT 

CAME  OVER  AT  3  1  0°C 

;....  ABOUT  600  ■!. 

(590®F) 

I  T  42 

:-  140 

USED  450 

g .ZINC  OCTOATE  WITH  150  g  JPT  AND  0.5  g  .A1  CI3 

25 

50 

2 

— 

30 

40 

50 

2 

25_ 

CLEAR  COLORLESS  C  U  T  I 

90 

110 

50 

2 

65 

SLIGHTLI  XELLOW 

120 

130 

55 

2 

135 

180 

170 

65 

2 

U5 

DARKER  XELLOW 

220 

no 

70 

2 

152_ 

2  8  0  /  3  5  0 

AT  3 

2  0/33 

0  PRODUCT  CAME  OVER  .....  ABOUT  300  ■!  . 

T  42- 

U5 

USED  525  g  .ZINC  OCTOATE  WITH  175  8 

i.TETRAISOPROPXL  TITANATE 

(0.5  g  Al  CI3) 

30 

27 

55 

3 

12 

CLEAR  COLORLESS  CUT  I 

60 

95 

60 

2 

45 

SLIGHTLX  XELLOW  CLEAR 

100 

120 

60 

2 

n5 

uo 

120 

60 

2 

195 

200 

U5 

70 

2 

210 

CUT  II 

220 

160 

70 

2 

10 

DARKER  XELLOW  MATERIAL 

280 

270 

70 

2 

COT  III 

300 

305 

PRODOCT 

CAME  OVER  AT  310  /  320  C  .......  500  al. 

20. 

(590®F/608®) 

TABLE  163  o 


MORE  PREPARATIONS  OF  THE  TETRAISOPROPIL  TITANATfi^  ZIHCOCTOATE  PRODUCT 


I.  T  40-  126 


USED  1000  g  .  ZINC  OCTOATE 

333  g.TETRA  ISOPROPIL  TITAIMTE 


0.4  g.  A1  CI3 


TIME 

min. 

VARIAC 

I 

II 

PRESSURE 

TSIPERATURE  VOLUME 

C  .  ml. 

REMARRS 

60 

60 

1 

30 

30 

60 

60 

1 

60 

VAPOURS  APPEAR 

50 

60 

60 

1 

95 

CLEAR  COLORLESS  FLUID  APPEARS 

80 

60 

60 

1 

100 

30 

120 

60 

60 

1 

U5 

300 

FLUID  IS  MOW  lELLOW 

135 

60 

60 

1 

125 

350 

BD  OF  CUT  I 

150 

60 

60 

1 

70 

- 

TBIPIRATDSS  RISE  BBUS 

180 

60 

60 

1 

200 

A  RDDISB  ORAMGE  FLUID  APPEARS 

ABOUT  10  Jl . 

C  U  T  II 

220 

60 

60 

1 

295 

PRODUCT  APPEARS  AMD  DISTILLS 

280 

60 

60 

1 

295 

«  400 

AT  CONSTANT  TBIPERATDRE 

330 

60 

60 

1 

2951563  R800 

»D  OF  DISTILUTCM 

II.  T  40 

-  128 

USED  1200  g.ZUC  OCTOATE 

400  g  .TETRA  ISOPROPIL 

TITAMATE 

0.5  g 

.  A1  Cl« 

- 

60 

60 

1 

60 

60 

60 

60 

1 

90 

VAPOURS  APPEAR 

70 

60 

60 

1 

98 

CLEAR  COLORLESS  FLUID  APPEARS 

90 

60 

60 

1 

120 

100 

no 

60 

60 

1 

140 

200 

FLUID  MOM  SLIGHILl  lELLON 

200 

70 

70 

1 

n5 

450 

BD  or  CUT  I  WAS  ORANGE 

220 

70 

70 

1 

200 

JLJL 

ID  FLUID  .....  COT  II 

250 

70 

70 

1 

290 

PRODUCT  APPEARS 

270 

70 

70 

2 

330 

100 

330 

70 

70 

2 

330 

-  300 

CLEAR  lELLOW  PRODUCT 

380 

70 

70 

2 

330  (626''F)  800 

TOTAL  HELD  1000  ml. 

III.  T  40 

1  -129 

USD  1000 

g.ZUC  OCTOATE 

333 

g.TETRA  ISOPROPIL  TITAIATE  AMO  0.4  g  A1  Clo 

60 

60 

1 

60 

40 

60 

60 

1 

90 

VAPOURS  APPEAR 

60 

60 

60 

i 

98 

20 

CLEAR  COLORLESS  FLUID 

no 

60 

60 

1 

140 

290 

NOW  lELLOWISH 

130 

60 

60 

1.5 

150 

350 

BD  OP  OUT  I 

220 

60 

60 

1.5 

200 

^_Sn0PL8TS  or  rddisb  ixjjio 

300 

60 

60 

1.5 

310 

150 

CLEAR  ZELLOW  ILUID  PRODUCT 

350 

60 

60 

1.5 

310 

»  450 

.  400 

60 

60 

1.5 

310  (590  F)  900  mI.PROODOT 

TABLE  166. 


MORE  PHEPARATICMiS  OP  THE  TETRAISOPROPYL  TITAMATE/ZIMCOCTOATE  PBDEDCT 


I.  T  40  -115 

USED  1027  g.ZnCOCTOATE 

342  g  .TETRA  ISOPROPIL  TITAEATE 


0.3  g  CI3 


THE 

■in 

TARIAC  I 

• 

VARIAC  II 

PRESSURE 

TBIPERATOBE 

c  . 

POLUME  WEIGHT  REMARKS 

■1  g 

•  •  • 

70 

70 

1 

30 

10 

70 

70 

1 

60 

- 

20 

70 

70 

1 

90 

— 

CLEAR  lELLOW 
FLUID  APPEARS 

30 

70 

70 

1 

95 

50 

50 

70 

70 

1 

98 

m- 

■“  C  U  T  I 

70 

70 

70 

1 

50 

SO 

70 

70 

1 

170 

VAPOURS  APPEAR 

90 

70 

70 

1 

206 

— L. 

VISCOUS  MATERIAL 

C  U  T  II 

UO 

70 

70 

1 

290 

• 

PRODUCT  COHIEQ 

130 

70 

70 

1 

3  10 
(590°F) 

50 

CLEAR  GOLDEE'IEL- 
LOI  DISTILLATE  AT 
COMSTAET  TBD>ERAT. 

210 

70 

70 

1 

310 

800  wlo 

tIE^)  ...  875  g  . 

USED  FOR  TETRA  BUTXL  TIE  MODIPICATIOM 
IE  T  40-120 


II.  T  40  -  125 

USED  900  g.ZIEC  OCTOATE 

300  g .  TETRA  ISOPEOPIL  HTAEATE 


0.3  g.  A1  GI3 


• 

50 

50 

1.5 

30 

20 

50 

50 

1.5 

90 

LOW  CUT  APPEARS 

60 

50 

50 

1.5 

120  J12Q 

BID  OF  LOW  CUT 

80 

70 

70 

1.5 

180 

VAPOURS  APPEAR 

100 

70 

70 

1.5 

206/212 

J  SULL  CUT 

(402*P/a3®F) 

130 

70 

70 

1.5 

280 

PRODUCT  APPEARS 

200 

70 

70 

1.5  312  /320  THE  PRODDOT  BAS  con  OVER 

(593®P/60*3HW) .  7  8  5  f . 

22. 
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(Continued. from  page  11 o) 

SECTION  I  -  C.  USING  BUTYLENE  OXIDE  12  AS  CATALYST.  (  TABLE  167) 

Butylene  Oxide  12  has  been  used  ,  In  a  new  approach.  Instead  of  tha  metal  chloride 
catalyst.  The  reaction  product  seoaed  first  to  retain  a  small  amount  of  lov-  cut  material; 
but  after  its  removal  the  flame,  poiat  was  at  320^C.  (608*^F.). 

The  material  will  be.  studied  further. 

SECTION  I  -  D.  STUDIES  ON  m.  PREPABAIIQHS  ^  THIS  SECTION  I.  (.TABLES  168-172) 

Different  studies  have  been  made  in  connection  with  the  materials  of  this  Section. 

1.  The  low  cut  matter  of  the  die tiUatioa.  between  tetra- isopropyl  ti tenets  and  basic 
zinc  oetoate  has  been  studied,  reviewing  espeolally  whether  or  not  this  low  out  might 
consist  of  unreaotsd  tetra  alkyl  titanate.  The  method  of  study  is  described  in 

TABLE  168.  The  result  clearly  indicates  that  this  low  cut  does  not  consist  of  unreaeted 
titanate. 

2.  TABLE  169  shows,  in  the  upper  part,  an  oxidation  test  of  the  reaction  product 

between  the  alkyl  titanate  and  the  zinc  oetoate  which  had  been  prepared  in  the  presence 
of  water,  as  outlined  in  the  preceding  report  (  SECTION  D) .  In  the  lower  part. of  this 
table  is  given  a  comparative  table  of  refractive  indices  for  the  various  preparations  of 
the  reaction  product.  .The  producismade  with  different  catalysts  differ  at  least  in  the 
last  two  numbers  of  the  index.  -  . 

3.  TABLE  170  gives  rubber  swelling  tests  for  the  product  made  with  AlCl^  as  catalyst, 
and  for  the  1:1  mixture  of  this  product  with  non  inhibited-  and  with,  inhibited  sllieone 
fluid.  The  mixture,  with  the  inhibited  fluid  shows  the  least  degree  of  rubber 
swelling  (0.74](). 

4.  TABLES  171  and  172  tabulate  the  ratio  between  the  density  of  the  titanium  and 
zino  bands  in  emission  spectra  of  the  product  in  various  fonui  of  preparation  and  of 
modification.  Here  the  specimen  mads  with  A1  Cl^  as  catalyst  shows-  the  strongest 

(  titanium  line  as  compared  to  zinc.  These  differences  in  the  intensity  of  the  spectra 

(Continued  on  page  28  .} 
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SECTION  I  -  C. 


TABLE  167. 

USING  BUTTLENE  OXIDE  12  W  CATALYST 
WITH  TETRA  ISOPROPYL  TITANATE  AND  ZINC  OCTOATE 
I  .  T  42-  135 


USING  125  g.  TETRA  ISOPROPYL  TITANATE 


375  g- ZINC  OCTOATE 

2  g.  BUTYLENE  OHDE  12  HEAT  DEVELOPED  ON  MIXING 


TIME 

ain. 

TEMPERATURE 

C. 

PRESSURE 

nn  • 

VARIAC 

VOLUME 
ml . 

REMARKS 

25 

2 

50 

- 

60 

40 

2 

50 

10 

CLEAR  COLORLESS  C  U  T  I 

90 

100 

2’ 

55 

10 

SLIGHTLY  YELLOW  CLEAR 

120 

125 

2 

55 

50 

UO 

135 

2 

55 

90 

160 

100 

2 

55 

120 

200 

120 

2 

60 

C  U  T  II 

220 

200 

2 

70 

15 

DARKER  AND  MORE  VISCOUS 

260 

255 

2 

70 

. 

C  U  T  III 

300 

310 

2 

70 

75 

FIRST  YIELD  AT  310*^C.  o(590°F) 

AGAIN  100  al. SECOND  XIELD  AT  31&  C  . 


THE  TWO  PARTS  DIFFER  IN  COLOR  AMD  glSCOSITY. 

PLASH  POINT  BEGAN  AT  U5  C  .. .  BUT  o  . 

HNAL  FLAME  POINT  WAS  NOT  BEFORE  270  C  .  (518  F) 


( 


II.  T  42-  138  REPEAT  TEST  USING  175  g. TETRA  ISOPROPYL  TITANATE 

525  g  .ZINC  OCTOATE 

2  g. BUTYLENE  OHDE  12  HEAT  ON  MIXING 


- 

25 

2 

45 

40 

40 

2 

50 

60 

40 

2 

50 

95 

95 

2 

50 

110 

105 

2 

50 

105 

4 

55 

U5 

4 

55 

3  0  5 

3 

65 

(?900?./  ^®F) 

3 

70 

THIS  PRODUCT  SHOWS  SCEIE  PLASHING 


10  CLEAR  AND  COLORLESS 
25  C  0  T  I 
25  LIGHT  YELLOW 
100 
060 

200  C  U  T  II 

DARK  AND  VISCOUS  MTERIAL 

_  tSMUNG  OVER 

3  0  0  al. PRODUCT 

130/  135  **C,  BUT  AFTER  A  RETAINED 


LOW  CUT  HAS  BEEN  DRIVEN  OFF  BY  HEATING  TO  330°C,  (626°F) 


THE  PLASH  POINT 
THE  PLAME  POINT 


IS  AT  2  8  0*0.  (  5  3  6®  F)  AND 
...AT  3  2  0*0  .(  6  0  8®F.) 


REFRACTIVE  INDEX  OF  PRODUCT  (TEST  I)  (25.5  C).. 1.4549 


SECTION  I  -  D. 


TABU  168. 


STODI  OF  Wl  LOW  CDT  OF  THI  TPT/ZIlCOCTOATl  DISTILLAnOM 

T  38  -  108/109 

WHIN  TO  44.7  g.TBTlA  ISOPIOPIL  TITAIATI  WATBK  IS  AODBD  CAUTIOUSLY  BX  BORBTTB  WHIU 
SHAKING  AID  ALLOfUG  IHl  HIDROUS  Ti02  TO  SfTTU,THI  BDPOINT  OP  TUB  TITRATIOI  IS 
ADJUSTED  TO  OCCUR  WHEN  THE  DROP  OF  WATER  10  LONGER  POMS  All  WHITE  PRECIPITATION 
WITH  THE  CLEAR  SOPEIIATAIT  LIQUID. 

THIS  OCCURS  WITH  10.7  f  .WATER  . 

WHEN  THE  LOW  CUT  OP  THE  TPT/ZINCOCTOATE  DISTILUTIOI  IS  COLLECTED  BBTWEBi  110  °C  .AND 
134°C.AT  2  mPRESSURE,IT  IS  A  XELLOWISH  FLUID  WHICH  SB)KBS  (  HXDIOLIZBS)  SLIGHTLI 

whu  exposed  to  the  air. 

WHBI,TO  29.60  g.OP  THIS  PRACTIOI, WATER  IS  ADDED  GRADUALU  UNTIL  10  MORE 
WHITE  PRECIPITATE  APPEARS  UNDER  THE  PIOCRDURE  DESCRIBED  ABOVE,  4.50  ml.  WATER  ARE 
added  BEFORE- this.  POIHI.  IS.  BEACHED. 


ASSUMING  THAT  POUR  MOLS  OP  WATER  ARB  NECESSABI  TO  HIDROLIZB  A  Ti(OR),,THE  EQUIVALENTS 

4 

OP  HTAIATB  CAN  BE  SEEN  TO  STHE  EQUIVALENT  OP  WATER  (  APPlOX.WITH  THE  DBISITX  1)  . 


TITAIATE  USED  . . .  29^  m.  IP  THIS  PRACTIOE  WOULD  BE  A  Ti(0R)4  IT  WOULD 
MEAN  THAT  THESE  29.60  __  4.50 

ntOR}^  H^O  (  4.50  ml  .WATER  COMPLETES  TS  HXDNOLXSIS) 

~4  1 


APPARENT  MW.  OP  Ti  (OR)^  _  (This  is  qualitative 

i4.5  )  (1)  rather  than  quantitative) 

TB  RBSULTIIO  H.W.  WOULD  HERB  THEREFORE  BE  474  AID  THIS  IS  CLBAU  MO 

TBTRA  ISOPIOPIL  TITAIATE.  IT  THIIEFOU  MUST  BE  A  IIACTIOI  PRODUCT  ALRBADX. 

AFTER  THE  TITRAnOI  WAS  COVLBTBD  THE  SUPBHATAIT  UQBID  IAS  DICAITID  (AFTER 
CEITRIFOOnn)  AID  WASHED  WITH  HATER  II  A  SEPARAIDIZ  FUIMBL  TO  RMOVE  ISCffiePXL- 

ALCOHOL  WEIGH  HOIT  BE  PRESENT)  IBIAGTIVB  HDD  26*hl8  TU  1.40945 

25. 


TABLE  169. 


OXIDATION  TESTS 

I.  T  38  -  84 

MlITDBl  or  30gIMHIBlTBD  DOW  rLUlD  510 

30  t  -TET/ZINCOCTOATI  PRODUCT  MADE  IN  PRESENCE  OF  WATER  AND 
MODIFIED  WITR  RENZXULCOHOL 

INITIAL  WEIGHT  _  243.5  g. 

PINAL  WEIGHT .  226.5  c. 

THE  THREE  METAL  STRIPS  t 

ALUMINUM  INITIAL  WEIGHT  ...  0.4552  f.  AFTERWARDS  0.4554  f .  PLUS  0.000% 
COPPER  "  "  ...  0.4603  c*  "  0.4602  c.  -  0.000% 

STEEL  "  "  .  1.2320  g.  ■  1.2324  c.  PLUS  0.000% 

T  42-  137 

REFRACTIVE  INDEX  TESTS  AT  2  5.  5*C 
THE  VARIOUS  PREPARATIONS  OF  THE  REACTION  PRODUCT  BETWEEN  TETRA  ISOPROPYL 
TITANATE  AND  ZINC  OCTOATE 

PROEOCT  MADE  WITH  T  i  C  1^  CATALYST  1.4570 


PRODUCT  MADE  WITH  A1  CI3  CATALYST  . .  1.4542 

PRODUCT  MADE  IN  PRESENCE  OF  WATER . .  1.4555 

TETRA  BUTYL  TIN  MODIFICAHOH  OF  PRODUCT 

MADE  WITH  A1  CI3  CATALYST .  1.4576 

PRODUCT  MADE  WITH  BUTYLENE  OHDE  12 

CUT  I .  1.4549 

CUT  II  . 1.4549 

( 
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TAaE  170  o 


(  RUBBER  SWELLING  TESTS 

I.  T  43  -  38  TEST  ON  THE  TETRA  ISOPROPYL  TITANATB  /  ZINC  OCTOATE 

REACTION  PRODUCT  WITH  A1  CI3  AS  CATALYST 

SIZE  OF  ROBBER .  2  l/2  ••  X  1  " 

WEIGHT  OF  ROBBER  . .  3.9822  g. 

TYPE  OF  ROBBER _ IA?1  SAMPLE  #  1313  STD  L  lO/SO  -  20/310 

APPAMENT  WEIGHT  UNDER  WATER .  0.602S  g. 

AFTER  TEST .  0.6281  g.  (  AFTER  7  7  HRS  AT  112 °C. 

233°F.) 

PRODUCT  USED  .....  80  g  . 

RUBBER  SWELLING  %  A’  •  •  •  0.6281  -  0.6026  x  100  .... .  4.23  1 

0.^026 

II.  T  43  -  38  TEST  ON  A  1:1  MIXTURE  OF  THE  SAME  PRODUCT  AND  JQX  INHIBITED 


(ORIGINAL  }  SILICONE  FLUID  DOW  510 

SIZE  OF  BOBBER . 2  1/2  "  x  1  * 

WEIGHT  OF  RUBBER  ....  4.0303  g. 

APPARENT  WEIGHT  UNDER  WATER . O.SlU  g. 

AFTER  TEST .  0.6433  g  .  AFTER  7  7  HRS  AT  112 °C  . 

223  F 


BOBBER  SWELLING  %  A  V  . . .  0.0292  x  100  .  4.75  % 

0.6141 

III. T  T  43  -  40  TEST  ON  1:1  MIXTURE  OF  THE  SAMS  PBODOCT  AND  INHIBITED 

SIUCONB  FLUID  DOW  510 

SIZE  OF  RUBBER . 2  l/2''x  1  " 

WEIGHT  OF  RUBBER  ....  3.9917  g  . 

APPARENT  WEIGHT  IN  WATER . 0.63a  g  o 

^IFTER  70  1/2  HRS.  AT  U5„C  . 
AFTER  TEST  .  0.6388  g.  23^F. 

RUBBER  SWELLIRQ  ](  A  ^  ••••  x  100 . OJA  % 


27. 


(Continued  from  Page  23.) 

go  parallel  to  the  fact  that  the  atomic  weight  of  titanium  is  47.9  as  compared  with 
the  atomic  weight  of  zinc  which  is  65.38.  The  difference  is  even  greater  in  the  atomic 
weights  of  boron,  as  introduced  in  the  modification  (10. 82), and  tin  introduced  in  a 
modification  (118.7).  The  band  intensity,  however,  is  not  necessarily  controlled  by 
the  atomic  weight.  This  has  to  be  studied  further. 


( 


28 


TABLI  171 


8T0DI1S  USmG  THE  BtlSSIOl  SPECTRO  AMALISIS  OH  THE  REACTIOl  PHODDCTS. 

I. UFLUBICB  OF  THE  CATAUST  01  THE  REACTIOI  BETHEEI  TBTKA  ISOPBOPTL  TITAIATI 

AID  BASIC  ZIIC  OCTOATB: 

U  TRO  TEST  SPECIHUSOF  THE  EEAC^OI  PEODUCTS  OBTAUBD  ARODID  300°C  Jl  THE 

(572°F) 

VACUUM  DISTILLATIOI  . 

OICE  ALUMIIUH  CHLORIDE  WAS  USED  AS  THE  CATALXST 
II  THE  SECOID  CASE  Al  OBQAIIC  CATALXST  WAS  USED,  THE 
1.2.  BUTXLEIE  OXIDE 

CH3-  CHj  -  C  -  I  -  CH2  0  (  T  42-  135) 

THE  REPORT  OF  THE  SPECTRO  CHBI  LABORATORX  U  FRAIILII  LAKES,  I.J. 

STATES  THAT  THE  SAMPLE  PREPARED  WITH  ALUMIIUM  CHLORIDE  HAS 
A  HlOnn  RATIO  OP  TITARIUM.  TO  ZIIC  THAI  THE  MATERIAL 
PREPARED  WITH  THE  ORCAIIC  CATALXCT. 

II  BOTH  CASES  THE  ZIIC  LUES  ARE  COISIDERABLX  STROHSER  THAI  THE 
TITAMIUM  LUES.  (IT  IS  TO  BE  COISIDERED  THAT  TITAIIUM  HAS  Al  ATWIC 
WHOHT  OF  47.9  AID  ZIIC  OF  65.38). 

BESIDES  THE  PRODUCT  HADE  WITH  ALUMIIUM  CHLORIDE  HAS  A  VERX  FAUT 
ALUMIIUH  LIIE. 

II.  COMPARED  THE  LOW  CUT  OF  THE  DISTILLATIOI  OF  TETRA  I80PR0PXL  TITAIATE  AID 

BASIC  ZIIC  OCTOATB  (WITH  ALUMUUM^CILOIIDB  CATALXST)  WITH  THE  FUAL  PRODUCT, 
THAT  lEAlS  THE  CUT  BITWE^^^(^^AID  2  wm)  WITH  THE  DISTILLATE  CUT  ABOVE 

300°C  Ji  2  wm)  ,THE  HIGH  CUT  HAB  A  MDCH  8IIQMGER  ZIIC  I.TIE  THAI  UTAUOM  LUB. 

(572®F) 

THE  LOW  CUT  IAS  A  lUMBIR  OF  SnOHS  TITAIIUM  LUES  ,IIDICATII6  A  HIGH 
TITAIIUM  COMCBTIATIOI,  AID  HAS  A  LOW  COHOBTIAnOI  II  ZIIC  . 

(  IT  aOULD  low  BE  STUDIED  IF  THIS  ZIIC  IS  PIBSBT.il  FOB  OF  A  RBACTIQI 
PRODUCT  WITH  THE  TITAIATE,  OR  S3  IT  DERIVED  HOI  A  LOR  COT  MATERIAL  II 
29.  THE  ZIIC  OeTOATB.TII8  WILL  11  PURSUED  II  THE  IIZT  PERIOD) . 


TABLE  172 


MORE  BUSSKM 


SPECTRAL  AMALISIS  STUDIES  REFERRIIIG  TO  THE  MEW  MODIFICATIOMS 
OF  THE  TPT/ZIMCOCTOATE  REACTIOH  PRODDCT 


III.  II  TEST  T  42-130  THE  TETRA  ISOPROPXL  TITAIAlV  ZIICOCTOATE  REACTIOI 

PRODOCT  HAD  BEEM  FURTHER  REACTED  WITH  TETRA  BOtZL  TIH  ,A  Sta  R^  MATERIAL. 
IM  TEST  T  40  -124  THE  XHIA  ISOPHOPIL  TITAIATE  /ElIC  OCTOATE  REACTIOI 
PBODUCT  HAD  BEEI  FURTHER  REACTED  WITH  TRI-n-  BUTXL  BORATE,  A  B  (  OR)^ 
MATERIAL. 

THE  Til  ORGAIIC  MODIFICATIOI  SHOWS  II  THE  IMISSIOH.  SPECSBDi  A- WUMBfiS 
OF  STBOM  TIH  LUES 

THE  BOROI  40  R)3  MODIFICATIOI  SHIWS  OIL!  WEAK  BOROI  LUES. 

TO  EZPLAU  THIS  IT  MUHT:.  BE  COHSIDERED  THAT  THE 

ATOMIC  WEIGHT  OF  TU  IS . 1  1  8  .7  AID  THE 

ATOMIC  WEIGHT  OF  BOROI  IS  ....  1  0  .8  2  . 

THIS  MIGHT  INFLUENCE  THE  ACTUAL  DIFFERENCE  U  THE  AMOUHT  OF  TU  OB  BOROI 
WHICH  ENTERS  THE  COMPOUND.  BUT  THE  ATOMIC  WEIGHT  ITSELF  DOElS  HOT  CONTROL 
THE  DIFFERENCE  IN  THE  DENSITY  OF  THE  LUES  BETWEEN  TWO  DIFFEREIT  ELBflNTS. 
THIS  IS  FURTHER  TO  BE  STUDISD. 


( 
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PART  II.  tUOlFlCATlONS  OF  THE  PRODUCTS  OF  PART  1  WITH.  VARIOUS  METAL  ORGANIC  FLUIDS. 


INTRODUCTION 

In  earlier  reports  It  has  been  pointed  out  that  the  reaction  product  of  PART  I  still  has 
at  least  one  reactive  position  and  that  it  Is  desirable  for  the  requlroaents  of  the 
various  tests, which  are  provided  In  tha  specifications  for  hydraulic  fluids  for  alrplaneq 
to  substitute  these  still-reactive  groups  with  stable  groups.  The  modification  of  the 
product  of  PART  I  with  benzyl  alcohol  was  given  as  part  of  the  tables  in  PART  I.  Here 
other  modifications,  or  other  introductions  of  new  groups, are  being  discussed. 

SECTION  A.  REACTING  THE  PRODUCTS  OF  PART  I  WITH. A  TETRA  ALKYL  SILANE.  (  TABLES  173-174) 

At  the  end  of  the  preceding  project  and  in  the  first  and  second  reports  of  the 
present  project  modifications  with  a  certain  tetra  alkyl  silane  have  been  discussed  . 

This  can  be  classified  as  a  Di-Di-type  alkyl  silane,  as  far  as  it  contains  two 
n  dodecyl  and  two  n  octyl  groups.  This  modification  had  been  successlVil,  but  Its 
production  was  difficult  because  it  is  difficult  to  introduce  by  Crignard  reactions  these 
two-tlmes-two  groups  into  the  silanes.  It  would  be  easier  to  produce  silanes  which 
contain  three  groups  of  one  kind  and  one  of  another  kind.  One  of  this  type  modification 
with  a  tri  n  decyl  -  octadecyl  silane  was  carried  out  as  shown  in  TABLE  173.  Also,  a 
modification  with  a  diphenyl  dl  dodecyl  silane  was  carried  out  in  TABLE  174. 

The  reactions  were  successful.,  but  further  studies  indicated  that  these  silanes 
also  are  only  available  to  a  very  limited  extent  and  that  evidently  their  formulation 
would  not  be  easy  either. 

SECTION  B.  REACTING  THE  PRODUCT  OF  PART  I  WITH  TIM  ORGANICS.  .  TABLES  175-185). 

It  was  therefore  more  desirable  to  use  as  modification  agents  metal  organics  which 
would  be  commercially  available.  In  reviewing  the  metal  organics  which  exist  with  metal 
carbon  bonds  and  which  at  the  same  time  are  stable. to  a  desirable  degree,  the  tin 
organics  have  been  selected  for  farther  studies  as  modlfjtlng  agents  for  the  product  of 
PART  I.  First. attez^)!#  were  izade  to  utilize  the  tin  organics  with,  tln-oarbcm  bonds 
which  would  also  contain  one  or  two  more  easily  replaceable. halogen  groups.  That  is 

(Continued  on  page  34.) 
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TABLI  173 


REACTIBG  THl  TPT/  2IMC  OCTOATl  DISTILLATIQI  PRODUCT  WITH 
TRI  a  DICIL-OCTADBCXL  SILARB  (  DOW) 


T  AO  -89 


I.  OSIBG  50  f.TPT/ZIiCOCTOATB  PIODOCT  T  40-84 
AID  50  c.  TRI  a  DECIL  OCTADICIL  SILAII 
TIMB  VARIAC  TBIPERATURB  PRESSURE  TOLDME  RBIARES 


ala 

• 

c  .  . 

1. 

70 

28  2.5 

70 

70 

195  2.5 

-  VAPOURS  APPEAR 

80 

70 

210  2.5 

5  OIAKE  UQUID 

110 

70 

290  „  2.5 

licht-oraigb  liquid  appears 

120 

70 

3  0  5  (  581®r)  2.5 

5  CLEAR  ORAIGE  ILUIO  DISTILLS  AT 
COISTAIT  TMPBRATDRB 

160 

70 

305  o  2.5 

85 

165 

70 

309(588  F)  2.5 

88  Bl.  CUT  BIDS  SOLID  II  FLASH 

0  X  I 

D  A  T  I 

0  1  TEST  OF  I. 

T  40  -91 

TEST  AT  200  C  .WITH  5  LITER  AIR  PER  HOUR 
(392®F,) 

AFTER  THREE  x  24  HOURS  10  VISUAL  SEDUEIT. 


TRACE  OF  MICROSCOPIC  SEDIMENT 

VISCOSITI  VERX  GOOD.  VERl  LITTLE  EFFECT  OB  METALS  (COPPER  AID 

STEEL  RBUIRED  FAIRLl  BRIGHT) 
WEIGHT  LOSS  OF  FLUID  BEFORE  TEST  ....  50  ( . 

AFTER  TEST . 45.5  LOSS  4-5  f .  • . .  •  9 


III.  REPEAT  PREPARATIOI  TO  I.  DSIIG  75  f. PRODUCT  MADE  WITH  A1 


T  40  -92 

AID 

75..  C^,  SI 

70 

28 

2.5 

40 

70 

180 

2.5 

VAPOURS  APPEAR 

70 

70 

215 

2.5 

10  CLEAR  ORAIGE  UQUID 

80 

70 

230 

2.5 

- 

90 

70 

280 

2.5 

- 

UO 

70 

308 

2.5 

5  CLEAR  LIGHT  FELLOW  UQUID  APPEARS 

130 

70 

3  10 

2.5 

30 

150 

70 

310 

2.5 

80 

170 

70 

2.5 

95 

180 

70 

o 

315(599°F) 

2.5 

99  COT  BOS 

32. 


TABLE  174 


MORE  STDDIES  OB  REACTIOM  PEOIfCT  BETWEEII  THE  TPT/ZIMCqATOATl  PBODOCT 
ABD  SILAMES 

I.  MORE  OM  THE  PRODUCT  MADE  WITH  TRIaDECXL-OCTADECTL  SILAME 
POUR  POIMT  DATA: 

THE  PRODUCT  T  40-  92  (TABLE  173)  ALOME . PODRJ>OIHT  0°F. 

3  PARTS  OF  THIS  PRODUCT  WITH  1  PART  INHIBITED 

0 

XW  FLUID  510 .  POUR  POIMT  -  10  Fo 

1  PART  OF  THE  PRODUCT  WITH  1  PART  INHIBITED 

o 

DOW  FLUID  510 .  POUR  POIMT  -  40  F<. 

1  PART  OF  the  product  WITH  2  PARTS  IMHIBITED 

MW  FLUID  510 .  POUR  POIMT  -  70°F. 

II  REACTIMG  THE  TPT/ZIMC  OCTOATE  PRODUCT  WITH 

DIPHEMIL  m  DODECtL  SILAME  (DOW) 

USED  70  f  .PRODUCT  WITH  A1  CI3  CATALYST 
70  (  .DIFREMIL  FDI'  DDDECIL  SILAME 
time  TBfPERATURE  PRESSURE  VARIAC  VOLUME  RBIARKS 


mla  . 

C  . 

Ml  . 

m\  ■ 

- 

27 

2.5 

75 

- 

50 

150 

2.5 

75 

- 

SOME  LOW  CUT  APPEARS 

SO 

310 

2.5 

75 

EHD  OF  CUT  I 

100 

3  12 

2.5 

75 

- 

DISTlLLATICm  PRODUCT  APPEARS 

'16O 

312(593®F) 

2.5 

75 

no 

DROPWISE  DISTILLATICM  OF  A 

CLEAR  ORAHQE  MATERIAL  AT 

OOHSTAMT  TEMPERATURE 

III.  OXIDATION  TEST  OF  THI  PRODUCT  OF  II. 

MATERIAL  USED . 30  f  TEST  AT  200  0  WITH  5  LITIR  AIR  PER  HOUR 

MATERIAL  AFTER  TEST  29.6  g  LOSS  0.4  f.  or  1  .  1  f  HO  SEDIMEMTATIOH 
LITTLE  VISCOSITI  CHARQE  LITTLE  EFFECT  OR  METALS  . 

33. 


(Continued  from  page  31<>} 

why  in  TABLE  175  dlbutyl  tin  dlchlorlde  Is  reacted  with  the  product  of  PART  I.  In 
TABLE  176  the  same  material  Is  used  with  a  tetra  alkyl  tltanate,  and  it  was  expected  to 
further  complex  this  reaction  product  with  zinc  octoate  but  the  results  were  not 
satisfactory o  Therefore  new  studies  were  made,  starting  with  TABLE  177,  in  modifying  the 
product  of  PART  I  with  tetra  bulyl  tin  which  is  commercially  available  from  the  Anderson 
Chemical  Division  of  Stauffer  Chemical  Company,  in  Weston,  Michigan. 

As  the  work  on  this  modification  continued,  as  shown  in  subsequent  tables,  a 
material  was  obtained  which  was  uniform  in  its  characteristics,  and  it  passed  the 
various  tests  successfully.  Mixtures  with  inhibited  silicone  fluid  510  (Dow  Coming) 
showed  also  good  viscosity  and  good  four-ball  wear-test  regults  and  a  good  pour  point. 
This  work  is  tabulated  in  TABLES  11^-185. 

SECTION  C.  REACTLNG  THE  PRODUCT  OF  PART  I  WITH  ORGANIC  TRI  BORATES.  (  TABLES  186-190). 

The  product  of  PART  I  was  similarly  reacted  with  tri-n-butyl  borate  and  with 
tri  isopropyl  borate.  The  latter  one  was  then  pursued  further,  because  the  resulting 
modifications  of  the  product  of  PART  I  had  higher  flash  and  flame  points  than  with 
tri  n  Ixityl  borate. 

TABLES  187-190  give  the  various  preparations  and  studies  on  the  tri  isopropyl 
modifications  of  the  product  of  PART  I.  This  material  appears  promising  also  and  is 
under  further  evaluation. 

SECTION  D.  INTRODUCING  OTHER  GROUPS  ^  THE  COMPLEX  MATTER  OF  PART  I.  (  TABLES  191-194). 

TABLE  191  shows  a  reaction  of  tri  ethyl  hexyl- tri  melltate  with  tetra  isopropyl 

titanate.  This  melltate  is  a  commercially  available  material  which  is  supposed  to  have 

good  heat  resistance  and.  good  stability  under  the  required  conditions  of  this  developmen'^ 

but  no  desirable  product  has.  been  obtained  here. 

TABLE  192  shows,  a  replacement  of  the  isopropyl  groups  of  a.  tetra  isopropyl  titanate 

by  benzyl  groups  followed  .by  a  complexlng  of  the  resulting  tetra  benzyl  titanate  with 

zinc  octoate.  A  reaction  product  was  obtained  at  a  constant  distillation  range  of  290*^0 

(554°F)  at  2-4  mm.  pressure;  but  the  yield  was  not  high  enough  to  warrant  a  greater 

(Continued  on  page  54>) 


SECTION  II-B 


TABLE  175. 

PBODDCT  MODIFICATION  WITH  DIBDTIL  TIN  DICHLORIDE 
I.  PREPARATION  OP  THE  PRODOCT  i  T  40-84 


USED  300  f .ZINCOCTOATE  AMD  100  f.TETRA  ISOPROPIL  TITANATE  WITH  0.2  A1  CI3 


TIME 
■In  . 

PRESSURE 

■■  . 

VARIAC 

TEMPERATURE 

C  . 

VOLUMl  REMARKS 

■1. 

- 

3.5 

50 

27 

- 

40 

3.5 

50 

92 

- 

CLEAR  XELLOW  FLUID  APPEARS 

50 

3o5 

50 

95 

20 

70 

3.5 

50 

110 

90 

80 

3.5 

50 

140 

110 

_  HO  HORE  FLUID  APPEARS  CUT  I 

90 

3.5 

60 

85 

- 

110 

3.5 

70 

180 

ORANGE  LIQUID  APPEARS 

130 

3.5 

70 

206 

ORANGE  LICKIID  STOPS  COMING 
CUT  II 

150 

3.5 

70 

280 

- 

PRODUCT  APPEARS 

180 

3.5 

70 

3  10 

70 

220 

3,5 

70 

320 

180 

240 

3.5 

70 

325  (617°F) 

210 

NO  MORE  PRODUCT  COMES  OVER 
WHITE  MATTER  IN  FLASK. 

II.  REACTING  THE  PRODOCT  OF  I  WITH  DIBOTIL  TIN  DICHLORIDE  :  T  40-85 

USED:  150  f .  PRODOCT  OF  I 

.  50  DIBOnL  TIN  DICHLORIDE 

THE  MATERIALS  WERE  MIXED  AND  HEATED  TOGETHER  UNTIL  THE  DIBUTIL  TIM  DICHLORIDE 


HAD  MELTED.  THEM  THE  DISTILLATION  WAS  SET  UP  . 


- 

2.8 

60 

38 

- 

30 

2.8 

60 

170 

- 

CLEAR  lELLOW  FLUID  APPEARS 

40 

2,8 

60 

170 

20 

.  NO  MORE  FLUID  APPEARS  CUT  I 

60 

2.8 

60 

180 

- 

80 

2.8 

60 

250 

- 

120 

2,8 

60 

300 

- 

THERE  SEEMS  TO  BE  AN  EXTENSIVE 

150 

2.8 

60 

330 

5 

DECCaiPOSITIOM  IN  FLASK 

170 

2.8 

60 

350  (6620f) 

- 

INSPITE  OF  THIS  SMALL  AMOUNT 
OF  PRODUCT  HAVING  STARTED  TO 
C(»IE  OVER,  THE  FLASK  CONTENT 
DECOMPOSED. 

THE  FLUID  CUT  I  SOLIDIFIED  ON  STANDING  OVER  NIGHT. 


f 
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TABLE  176„ 


attempts  to  react  DIBUTi:L  TIN  DIGHLQRIDE  WITH  TETRA  ISOPROPYL  TITANATE 
I.  T  40-06  USING  142.5  E  TETRA  ISOPROPYL  TITANATE  (  1/2  Bole) 

150  f^DIBUTYL  TIN  DICHLORIDE 


IN  50  go  ISOPROPANOL  NO  HEAT  EVOLVED  ON  MIXING 


TIME 

VARIAC 

PRESSURE 

■a. 

TEMPERATURE 

c  . 

VOLUME 

REMARKS 

_ 

40 

2.5 

35 

ISOPROPANOL  APPEARS 

20 

40 

2.5 

48 

75  Bl^ 

.  CUT  I 

40 

60 

2.5 

95 

-  CLEAR  COLORLESS  FLUID  APPEARS 

60 

60 

2.5 

110 

50 

80 

60 

2.5 

115 

100 

FLUID  TURNS  YELLOW 

110 

60 

2.5 

120 

150 

MO  MORE  FLUID  CCMING  CUT  II 

145 

60 

2.5 

170 

- 

A  CLEAR  ORANGE  FLUID  APPEARS 

170 

60 

2.5 

175 

60 

210 

60 

2.5 

120 

230 

60 

2.5 

180  (356®F) 

140 

FLASK  CONTAINS  ONLY  10  -20  al. 

CUT  III:DEC(»IPOSITION  MATERIAL 


IT  APPEARS  AS  IF  CUT  II  IS  MOSTLY  TETRA  ISOPROPYL  TITANATE  AND 

CUT  III  DIBUTYL  TIN  DICHLORIDE,  WHICH  TURNS  SOLID 
ON  STANDING. 

II.  T  40-88  USING  AWHYDROLYSIS  OF  THE*  CHLORIDE  : 

USING  71.2  g. TETRA  ISOPROPYL  TITANATE  (  l/4  ■ole) 

75  g.  HYDROLYZED  DIBUTYL  TIN  DICHLORIDE 

THIS  NAS  PREPARED  AS  FOLLOWS:  FIRST  IT  WAS  DETERMINED  THAT  THE  DIBUTYLTIN 

DICHLORIDE  IN  WATER  MAKESTHE  WATER  ACIDIC  {  TESTED  WITH  pH  PAPER).  75  g. 

DICHLOFILE  WAS  INTRODUCED  INTO  BOILING  WATER  AMD  BOILED  FOR  SEVERAL 


MINUTES.  IT  WAS  THEN  SEPARATED  AND  DRIED  IN  A  DESICCATOR  OVER  P2O5  OVER¬ 
NIGHT.  AFTERWARDS  IT  WAS  MIXED  AS  INDICATED  ABOVE.  MO  ALCOHOL  WAS  ADDED. 


- 

40 

3.4 

28 

- 

50 

40 

2.8 

98 

-  CLEAR  COLORLESS  FLUID  APPEARS 

80 

40 

2.8 

U2 

60  al. 

LIQUID  TURNED  DARKER  YELLOW 

100 

40 

2.8 

80 

70  al. 
CUT  I 

TEMPERATURE  REACHED  120  C, DROPPED 
AGAIN  AS  DISTILLATION  CEASED. 

120 

50 

2.8 

90 

- 

UO 

50 

2.8 

168 

- 

VAPOURS  APPEAR 

143 

50 

2.8 

174 

- 

CLEAR  ORANGE  LIQUID  APPEARS 

160 

50 

2.8 

175 

20 

180 

50 

2.8 

180 

«  50 

185 

50 

2.8 

182  (359  F)  55 

MO  MORE  FLUID  COMING  OVER  CUT  11 

THE  TWO  CUTS  APPEAR  TO  BR  AGAIN  THE  TWO  USED  COMPONENTS. 


TABLE  177. 


MORE  STUDIES  BETWEEN  TETRA  ISOPROPYL  TITANATE  AND  BUTYL  TIN  MATERIALS; 
I .  T  AO-87 


REACTING  71.2  f, TETRA  ISOPROPYL  TITANATE  {  1/4  moles) 

WITH  86.6  c  „TETRA  BUTYL  TIN  (  1/4  mole)  NO  HEAT  EVOLVED  ON  MIXING 


TIME 

min. 

TEMPERATURE  VARIAC 

C  . 

PRESSURE 

■UB  • 

VOLUME 

ml. 

REMARKS 

- 

27 

40 

2.7 

- 

50 

100 

40 

2.9 

CLEAR  COLORLESS  MATERIAL  APPEARS 

70 

105 

50 

2.7 

40 

80 

115 

50 

2.7 

JZ5_ 

CUT  I  ENDING 

90 

80 

50 

2.5 

100 

60 

50 

2.5 

- 

110 

150 

50 

2.5 

- 

120 

173 

50 

2.5 

- 

CLEAR  COLORLESS  FLUID  APPEARS 

140 

175 

50 

2.5 

30 

180 

188  (370°F) 

50 

2.5 

80 

CUT  II  ENDING 

APPEARS  AS  IF  THE  TWO  CUTS  CORRESPOND  VITH  THE  TWO  INITIAL  CQMB&NQITS. 


II. T  40-  90 

75  c. DIBUTYL  TIN  DICHLORIDE  WERE  DISSOLVED  IN  BOILING  WATER  AMD  K  0  H  WAS  ADDED 
UNTIL  INDICATOR  PAPER  TURNS  BASIC  IN  COLOR  .  THE  RESULTING  SOLIDS  WERE  WASHED 
WITH  WATER  UNTIL  NEUTRAL  IN  EFFECT  ON  pH  PAPER. 

75  f  .or  THIS  SOLID  WERE  MIXED  WITH 

75  f .  TETRA  ISOPROPYL  TITANATE  (  SLIGHT  HEAT  ON  MIXING  EVOLVED) 


- 

28 

40 

2.9 

- 

30 

90 

40 

2.7 

- 

VAPOURS  APPEAR 

40 

99 

50 

2.6 

3 

CLEAR  COLORLESS  LIQUID 

70 

104 

50 

2.5 

35 

80 

110 

50 

2.5 

45 

90 

no 

60 

2,5 

60 

100 

115 

60 

2.5 

62 

_  END  OP  CUT  I 

120 

80 

60 

2.5 

140 

190 

60 

2.5 

- 

VAPOUBI  APPEAR 

160 

193 

60 

2.5 

30 

CLEAR  ORANGE  UQUID 

180 

195  (  38f  F)  60 

2.5 

_6a 

END  OF  CUT  II 

SOLIDS  IN  FLASK 

THE  TEMPERATURE  OF  THIS  HIGH  CUT  II  IS  HIGHER  THAN  THE  TEMPERATURE  WHEN  THE 

DIBOTIL  TIN  DICHLORIDE  DISTILLS.  IT  IS  POSSIBLE  THAT  THE  DIBOTYL  TIE  DICHLOBIDE 

TURNED  WITH  KOH  AT  LEAST  PARHALLl  INTO  DIBOTYL  TIN  -(OH)^  AID  THAT  ISIS  REACTS 

WITH  Ti  (01)4  .  MORE  STUDIES  ARE  REQUIRED. 

37. 


TABLI  178 


REACniiG  THI  TPT/ZmCOCTOATl  REACTIOM  PRODOCT  (  MADE  WITH 
A1  Cl,  CATALIST  )  WITH  TITRA  BDTIL  TI  R  (  C4  19)4  Sh 

USED  180  c.TPT/ZINCOCTOATB  REACTION  PRODUCT  (  A1  CI3  CATALIST)  AID 
60  *,TETRA  BUTYL  TIi  T-38-  103 

FULLY  SOLUBLE  IR  EACH  OTHER  FOBMIRG  A  CLEAR  COLDER  COLORED  SOLUTIOR* 


THE  TBfPERATURE  PRESSURE  VARIAC  VOLIWE  REMARES 

c. _ _ sL _ 


- 

28 

2 

40 

- 

30 

30 

1 

40 

- 

60 

35 

1 

50 

- 

90 

95 

2 

50 

10 

95 

95 

1 

55 

25 

COLORLESS  DISTILLATE,  SOHE- 

_2Z. 

96 

.1 

55 

?o 

WHAT  SIMILAR  ODOR  AS  PRODUCT 

C  U  T  I 

109 

130 

1.5 

60 

10 

115 

131 

2 

60 

15 

COLORLESS  DROPWISE  DISTILLA¬ 

120 

2 

60 

25 

TION 

12Q_ 

128(262°F) 

2 

60 

iQ_ 

C  U  T  11 

160 

80 

1 

70 

- 

180 

50 

1 

70 

- 

MATERIAL  IN  FLASL  GBTTIllGr. 

240 

70 

1 

80 

DAREER 

280 

12o(248°F) 

1 

80 

290 

230 

1 

80 

• 

300 

285 

1 

80 

5 

310 

290 

1 

80 

10 

330 

290 

1 

80 

30 

340 

290 

1 

80 

40 

PRODUCT  CLEAM  1ELL0W,SE1IIS  TO 

350 

288 

1 

80 

55- 

BE  SOHERHAT  LESS  TISCODS 

360 

270 

1 

80 

55 

370 

285 

1 

80 

60 

375 

280 

1 

80 

90 

395 

290  - 

1 

80 

120 

406 

29D(554°F) 

1 

80 

130  ■!. 

UXTDRE  OF  ORE  PART  OF  THIS  LAST  COT  WITH 

ORB  PART  INHIBITED  DOW  FLUID  510 
(  HAS  A  POOR  POUT  OF  URUS  8  2°P  . 


38 


TABLl  179. 

MOM  UiCTIOMS  Win  TECTA  BOTIL  Til 

I.  T  40  -  102  OSID  ...  200  f .IPT/ZIiCOCTOATI  P80DDCT  WITH  A1  CI3  CATlLlST(T40-99) 


TIME 

. 

FAIIAC 

60  g 

PRESSURE 

■H  • 

.  TETRA  BUTXL 

TEMPERATURE 

C.  . 

TIB 

VOLUME 

BO  HEAT  EVOLVED  OB  MIXIBQ 

niiwrw 

60 

2.9 

25 

- 

20 

60 

2.5 

130 

A  CLEAR  XELLOW  FLUID  DISTILLS 

30 

60 

2.5 

uo 

10 

FLUID  IS  BOW  COLORLESS 

50 

60 

2.5 

155 

50 

70 

60 

2.5 

170 

80 

90 

70 

2.5 

170  (338  F)  90 

CUT  I 

115 

SO 

2.5 

3  2  0  ^ 

PRODUCT  APPEARS 

140 

SO 

2.5 

320  (608  F)  60 

fUB  HESI  80MI  PBODOCI  CAMl  OVIR  TOO  PAST,  IT  WAS 
HIDISTILLID  AT  3  1  2  C.  (593®F) 


II.  T  42-  130  USED  ....  ISO  PRODUCT  (  WITH  A1  CI3  CATALYST  ) 

60  g  .TETRA  n  BOTIL  TM 

MIXED  WELL  AND  LEFT  OVEBHIGHT  BEFORE  DISTILLIWO 


p.  39. 


40  2  27 

30  40  2  30 


60 

40 

2 

30 

70 

50 

2 

95 

75 

50 

2 

100  0 

80 

50 

1 

130(266  F) 

90 

50 

1 

129 

110 

50 

1 

131 

135 

50 

1 

137  0  , 

160 

60 

1 

150(302  F) 

190 

75 

1 

220 

195 

75 

1 

250(482  F) 

205 

75 

1 

310{590°F) 

PRODUCT  CAU  0¥IR  AT  3  loO°C  - . 

(590®r) 


5  CLEAR  ABD  COLORLESS 
10  C  D  T  I 

3  CLEAR  ABD  COLORLESS 

25 

40 

55 

60  C  U  T  II 
3  DARKER  lELLOW 
5 

_  CUT  III 

. .  135  al .  IB  FLASK  ORLX  A  FUJI  LEFT 


III.  T  42-131  REPEAT  TEST  WITH  THE  SAME  QDAHHIIES 


40 

2 

24 

60 

45 

2 

30 

70 

50 

2 

95 

90 

55 

2 

UO 

95 

55 

2 

130 

120 

55 

2 

150 

U5 

60 

2 

140 

160 

70 

2 

100 

190 

75 

2 

230 

210 

75 

2 

310 

PRODUCT  CillB  OVER  AT  3  1  Q  C° 

(590®F.) 


3  (SLEAR  iBD  COLORLESS 
10  C  0  T  I 

^  CLEAR  ABD  COLORLESS 
50 

60  C  0  T  II 
3  DARKER  lELLOW 
5 


TABLE  180 


I 


MOPIFTIMG  THE  TPT/ZIHC  OCTOATE  PRODUCT  (WITH  A1  Cl^  CATALIST) 

WITH  TETRA  BUTIL  TIN 
T-40-  77 

MATERIAL  USED:  200  g .DISTILLATIOM  PRODUCT  FRCSI  TETRA  ISOPROPYL  TITAHATE  1/  2  sole 

BASIC  ZIMCOCTOATE  1/3  «ole 
WITH  0.5  g.Al  Cl^  CATALYST 


60  g,  TETRA  BUTYL  TIM  IM 
60  g.BEtiZENE 


T  -40-77 


TIME  VARIAC  PRESSURE  TEMPERATURE  VOLUME  REMARKS 
■la. _ gij _ g_, _ al, _ 


40 

3.5 

27 

10 

70 

3.5 

37 

CLEAR  COLORLESS  FLUID  DISTILLS 

40 

70 

3.5 

39  (102  F)  5  0  al.  C  U  T  I 

70 

70 

3.5 

170 

90 

70 

3.5 

170 

CLEAR  COLORLESS  DISTILLATE 

120 

3.5 

170(338°F) 

TBD>ERATURE  BEGINS  TO  DROP 

1^ 

90 

3.5 

45  i. 

0  0  al.  CUT  II 

(  HERE  SOME  YELLOW  C0L0PAPPEAR2 

160 

90 

3.5 

310  (590°F) 

RAPID  TEMPERATURE  RISE 

180 

90 

3.5 

330 

30 

230 

90 

3.5 

3  4  0(6U  F)  120  HOST  OF  THE  PROmCT  CAME  OVER 

AT  340 ”0,  (6U°F) 

TOTAL  YIELD  .... 

>  . 

Oil 

D  A  T  I 

OR  TEST  OF 

THIS  MATERIAL 

SET  UP  AT  200  C .  WITH  5  LITER  AIR  PER  MODE 

(392®F)  T  40-82 

AFTER  24  hre  .TUN|BD  IBITISH  ,  BUT  CLEAR 


AFTER  48  hrs  .  RO  CHARGE 

AFTER  72  hrs  .  RO  CHARGE:  WHITE,  FAIRLX  CLEAR  RO  VISIBLE8BDIHBIT 

RO  SEDIMERT  ORDER  MICROSCOPE  VISCOSITY  FAIR  METALS  AFFECTED 


TO  BE  REPEATED 


( 


40 


TABLI  181 


MORE  MODIFlCAnONS  OF  THE  TPT/ZIBCOCTOATE  PRODDCT  (  WITH  A1  CI3  CATALYST) 


.  T  42-133 

TIME 

min. 

WITH  T  E  T  R  A  n 

USED  _ 180  g. 

60  g  . 

TEMPERATURE  VARIAC 

C  . 

BUTZL  TIM 

PRODUCT  WITH 

TETRA  n  BUTXL  TIM 

PRESSURE  VOLUME 

am .  ml. 

MIXED  WELL 

REMARKS 

25 

40 

2 

- 

60 

95  0 

45 

2 

5 

CLEAR  AMD  COLORLESS 

70 

115  (239  F) 

45 

2 

10  CUT  I 

80 

135  0 

50 

2 

20 

CLEAR  AMD  COLORLESS 

110 

UO  (284  F) 

50 

1 

35 

U5 

90 

50 

1 

55 

180 

160  (320°F) 

65 

1 

CUT  II 

200 

230  (U6°F) 

70 

1 

DARKER  XELLOW  CUT  III 

220 

3  1  0  (590°F) 

PRODUCT  CAME  OVER  AT  3  1  0 

®C . 

135  ■!. 

(590°F) 

II.  T  42- 

139 

USED  450 

PRODUCT  WITH 

150  g  . 

TETRA  n 

BUTXL  TIM 

25 

50 

2 

30 

28 

55 

2 

- 

65 

98  0 

55 

2 

5 

CLEAR  AMD  COLORLESS 

75 

120  (248  F) 

55 

2 

_10 

CUT  I 

80 

130 

55 

2 

15 

aEAR  AND  COLORLESS 

120 

135 

55 

2 

85 

U5 

160  (320°F) 

60 

2 

125_ 

CUT  II 

150 

220 

60 

2 

10 

DARKER  XELLOW 

225 

305  (581°F) 

70 

1 

-21 

DARK  VISCOUS  MATERIAL 

CUT  III 

305 

3  2  0  (608°F) 

70 

1 

PRODUCT  ABOUT  250  ul. 

FLASH  POINT  < 

....  275 °C  .  (525® E) 

III.  T  42- 

U1  USED  180  g.  PRODUCT  WITH 

60  g  TETRA  n  BUTZL  TIM 

MIXED  WELL 

25 

45 

2 

30 

30  0 

50 

2 

- 

60 

95  (203  F) 

50 

2 

10  CLEAR  AMD  COLORLESS  CUT  I 

90 

125  - 

55 

2 

40 

CLEAR  AMD  COLORLESS 

120 

130  (266®F) 

55 

2 

50  COT  II 

160 

90  0 

65 

2 

10 

DARKER  XELLOW 

200 

200  (392  F) 

70 

2 

15  CUT  III 

220 

305  (58l''F)  70 

2 

0 

fw  *  0 

PRODDCT  CAMl  OVER  AT  3  0  5  C .. .  ABOUT  135  ■!. 

a.  (58ior) 


TABU  182. 


MCT  PREPAHATiai  OF  THI  MODinCATICai  OF  THl  TPT/ZIMCOCTOATE 

i 

PRODUCT  (  T  40  -115)  HAVIMG  A1  C13  CATALI8T  WITH  TETRA  BUHL  TM 
T  40  -  120/121 

USED _ 180  g  .PRODUCT  T  40-115  AHD 

60  g. TETRA  BUTXL  TIN 


( 


p.42. 


TIME  TEMPERATURE  PRESSURE  VARIAC  VOLUME  WEIGHT  REMARKS 


■In  . 

C  , 

nun 

■1  .  g  . 

- 

2rT8?^E') 

1 

40 

10 

30 

1 

40 

FLASK 'SHAKEN  VIGOROUSLY 
FLASK  CONTENT  CLEAR 

25 

30 

2 

40 

- 

60 

30 

1 

50 

- 

80 

30 

1 

50 

- 

90 

30 

1 

iq 

- 

120 

30 

1 

to  55 

- 

130 

30  o 

1 

to  6Q 

BUBBLING  IN  FLASK 

135 

65  (U9„F) 

1 

60 

REFLUXING 

138 

140  (284  F) 

1 

60 

30  CLEAR  COLORLESS  FLUID 

140 

145  (293®F) 

1 

60 

40 

145 

137  (2780F) 

1 

60 

50 

148 

130  (266°F) 

1 

65 

50 

152 

120 

1 

65 

52  STILL  OLEAR  AND  COLORLESS 

156 

108  ^ 

1 

to  70 

52  QNLI  DROPS  COMING 

160 

102  (215  F) 

1 

70 

52  FUSE  FLUID  QUITE  CLEAR, LIGHT 

4  7  g.  e  D  T  I  lELLOW 

165 

9°  o 

1 

70 

- 

170 

U5  (293  F) 

1 

70 

drops 

176 

152 

1 

70 

10  CLEAR,  NEARLX  COLORLESS 

12  BLIsifTLX  XEtLOW 

180 

150 

1 

72 

185 

140 

1 

72 

12  VERX  SLXOHtLl  lELLOW  FLUID 

195 

128 

1 

72 

15  sad  a  fov  drops 

210 

95 

1 

72 

14  g  .  0  0  T  II 

218 

105 

1 

72 

- 

225 

90 

1 

72 

-  POT  GETTIMG  DARKER 

227 

85 

1 

72 

- 

230 

105 

1 

72 

A  FEW  DROPS 

235 

85 

1 

72 

A  FBI  DROPS 

238 

75 

1 

72 

- 

240 

65 

1 

80 

- 

258 

57 

1 

80 

- 

265 

75 

1 

80 

- 

278 

103 

1 

80 

285 

130 

1 

82 

A  FEW  DROPS  AGAIN 

290 

150 

1 

80 

A  FEE  DROPS 

320 

135 

1 

85 

SOME  SHALL  OUT 

340 

240 

1 

85 

345 

280 

1 

*5  . 

SOME  PRODOOT,  BUT  DISCARDED 

350 

290 

1 

85 

If 

355 

290 

1 

85 

25 

360 

290 

1 

85 

50 

370 

300  o 

1 

85 

405 

290  (  554  F) 

1 

85 

1  3  5  al  . 

TABLE  183 


MORE  MODIFICATIONS  OF  THE  TETRA  ISOPROPYL  TITANATE  /  ZIHCOCTOATE  (  A1  Cl^) 
REACTION  PRODUCT  WITH  TETRA  nBUTXL  TIM 


I.  T  42-  142  USED  210  g.  PRODUCT  WITH  70  g.  TETRA  n  BUTXL  TIN  WELL  MIXED 


TIME 
min  . 

TEMPERATURE  VARIAC 

C  . 

PRESSURE  VOLUME 

_ _ 

REMARKS 

25 

40 

2 

- 

60 

90 

50 

2 

- 

70 

95 

50 

2 

15 

CLEAR  AND  COLORLESS  CUT  I 

90 

120 

50 

2 

10 

CLEAR  AND  COLORLESS 

130 

135 

50 

2 

45 

UO 

130 

50 

2 

55 

190 

120  (248°F) 

50 

2 

70  COT  II 

220 

240  (464°F) 

65 

2 

5 

YELLOW  MATERIAL 

280 

305 

70 

PRODUCT  CAME  OVER  AT 

3  0  5  C... 

, . . . .  U5  ■!. 

II.  T  42- 

144  REPEAT  REACTION 

WITH 

SAME  AMOUNTS 

25 

50 

2 

60 

95 

50 

2 

5 

CLEAR  AMD  COLORLESS 

65 

100 

50 

2 

_ia_ 

CUT  I 

70 

120 

50 

2 

20 

CLEAR  AMD  COLORLESS 

85 

125 

55 

2 

iS_ 

CUT  II 

135 

150 

55 

2 

15 

CLEAR^SLIGHTLY  YELLOW  ORANGE 

220 

220 

65 

2 

18 

280 

300 

65 

2 

PUT  III 

300 

305 

o 

0 

PRODUCT 

CAME  OVER  BETWEEN  305  AND315C.  (599  F) 

(58l'’F) 

ABOUT  150  al  , 

III.T  42- 

-  146  REPEAT  PREPARATION 

WITH  180 

g. PRODUCT  AND 

60 

g  JETRA  n  BUTYL  TIM  MIXED  WELL 

25 

45 

2 

60 

30 

50 

2 

- 

70 

95 

50 

2 

5 

CLEAR  AMD  COLORLESS  CUT  I 

80 

120 

50 

2 

10 

CLEAR  AND  COLORLESS 

120 

135 

50 

2 

40 

150 

UO 

55 

2 

_55_ 

COT  II 

160 

90 

55 

2 

10 

SLIGHTLY  ORANGE 

230 

240 

70 

2 

15 

300 

3  0  5 

70 

2 

_  COT  III 

PRODUCT 

CAME  OVER  AT  3 

O 

0  5  C  #•  •  •  • 

ABOUT  135  ■!  , 

(581°F.) 

' 

( 


43 


TABLE  184. 


MORE  STUDIES  0«  THE  BUTYL  TIM  HODIFICATIOM 


I.  T  43  -  43 


USED  450  g.  PRODUCT  MADE  WITH  A1  CI3 
150  g.  TETRA  BUTYL  TIM 


TIME 

■in. 

TEMPERATURE 

C  . 

VARIAC 

PRESSURE 

1 

VOLUME  RIMABES 
■1. 

27 

45 

2-6 

15 

27 

45 

2-6 

- 

35 

27 

45 

2-6 

- 

60 

145 

60 

2-6 

125  LIGHT  lELLOH 

75 

155 

60 

2-6 

CUT  I 

150 

230 

60 

2-6 

15  DARK  ORANGE  CUT  II 

170 

100 

60 

2-6 

190 

3  2  2 

70 

2-6 

4  0  0  Bl .  LIGHT  YELLOW  PRODUCT 

FLASH  POIMT .  275®C .. . .  526°  F. 


II.  T  43  -  48 

MIXED . 40  g  .OF  THE  TIM  MODIFICATION  WITH 

40  g  4;ERIUM  OCTOATB  INHIBITED  SILICONE  FLUID  510 
ADDED  SOLVENTS  TO  REMOVE  RETAINED  LOW  CUT  MATERIAL 
40  g.  BENZENE  AND 
40  g  '*  ACETONE 

REMOVED  ALL  SOLVENTS  AND  LOW  CUTS  UNDER  VACUUM 

III.  CHARATERISnCS  OF  THIS  MATERIAL  AFTER  TREATMENT  II* 

POUR  POINT  ....  MINUS  6  5°F. 

FLASH  POINT  ...  2  7  0®C .(  518 ‘f) 

FLAME  POIMT  ....  2  9  5  C  Ji  563 °Fj 

U. 


TABLE  185. 

STUDIES  ON  THE  TPT/ZIECOCTQATE  PRODDCT  REACTED  WITH  TETRABQTTL  TIl(TA0-12Q 

I.  FOUR -BALL  WEAR- TEST  T  AO-122 

MIXTURE  OF  1  part  T  40-120  and 

1  part  INHIBITED  DOW  FLUID  510 

ROM  AT  60  °C  .  20  kg.  LOAD  30  HIMUTBS 

SCAR  ...  2.50 

2.20 
2.72 
7.42 

AVERAGE  ...  2.47  x  CALIBRATION  FACTOR  0.145  -  0.394  mm- 

II.  THE  PRODUCT  T  40-  120 

FLASH  POINT  .. 

FLAME  POINT  . . 

III.  POUR  POINT  TESTS 

MIXTURE  OF  50  parts  T  40  -20  AND 

50  parts  INHIBITED  DOW  510 

POUR  POINT .  MINUS  6  0°F  . 

MIXTURE  OF  40  parts  T  40-120  AND 

60  parts  INHIBITED  DOW  510 

POUR  POINT  ....  MINUS  8  7°F  • 

IV.  INFLAIMIBILITI  TEST  T  40-  123 

A  STANDARD  TRIANGLE  WAS  WIDENED  AND  A  OHUOIBLE  WAS  SET  SOLIDLX  INTO 

THIS  TRIANGLE.  A  CRUCIBLE  COVER  WAS  SET  WITH  THE  FLAT  SIDE  TO  THE  TOP  OVER 

THIS  CRUCISLE  .  THE  TEST  FLUID  WAS  FILLED  INTO  THE  FLAT  COVER  AND  HEATED 

TO  200°C.  THEN  A  HOT  BUNSEN  BURNER  WAS  LOWBRED  AT  AN  ANGLE  OF  60  °  TO  THE 
(392^) 

SURFACE  OF  THE  FLUID.  IT  TOOK  MORE  THAN  ONE  MINUTE  UNTIL  ANX  FLAME  APPEARED. 


278  C  ...  537 °F. 
310 °C  ...  590 °F  = 


45 


SECTION  II-C 


TABLE  186. 

REACTING  THE  TPT/ZINCOCTOATE  PRODUCT  (  WITH  Ti  Cl/  CATALYST) 

WITH  TRI-nBCTlL  BORATE 
T  38  -  97 

USED _ 180  K .  PRODUCT  WITH 

90  g.TRI  n  BUm  BORATE  B  (  0  C3 

UPON  MIXING  N  0  HEAT  IS  EVOLVED  BUT  THE  MIXTURE  TURNS  VERI 
VISCOUS  AND  SOME  PAETS  OF  A  NHITE  PRECIPITATE  ARE  VISIBLE  . 


TIMS  TEMPERATURE  VACUUM  VARIAC  .1  VARIAC  II  VOLUME  WEIGHT  RBIARKS 
■In. _ Cj _ —  . _ ■!  . _ f_, _ 


- 

28 

4 

30 

10 

- 

57 

110 

4 

40 

10 

10 

65 

100 

5 

40 

10 

25 

SLIGHTLX  XELLOW 

75 

100 

5 

40 

10 

35 

LOW  CUT 

80 

98 

5 

40 

10 

45 

85 

97 

5 

40 

10 

55 

105 

110 

4 

40 

10 

65 

125 

115 

4 

45 

12 

80 

130 

116 

4 

45 

12 

90 

FLASH  CONTBT  DARKENS 

150 

115 

4 

45 

12 

100 

AS  DISniLATlOM  PRO¬ 

170 

115 

5 

45 

20 

110 

GRESSES 

190 

115 

6 

50 

20 

120 

240 

no 

5 

65 

20 

130 

260 

75 

5 

65 

20 

132 

■1 

1  C  0  T  I 

300 

80 

5 

70 

20 

HERE  THE  FLASH  CONTIMT  WAS  STUDIED. 


IT  WAS  DARE  BROWN  IN  COLOR  AND  SLIGHTLX 
MORE  nSCOUS  THAN  THE  INITIAL  ”  PRODUCT”. 
IIS  FLASH  POINT  WAS  ...  270°  C .(  518°  F) 
IIS  FLAME  POINT  WAS  ...  275*’c .(  527°Fj 


46. 


TABLE  187. 


REACTING  THE  TETRA  ISOPROPXL  TITANATE/ZINC  OCTOATE  REACTION 
PRODUCT  WITH  TRI  ISOPROPYL  BORATE  T  43  -  26 

I.  USED  10  parts  ...  163  g  i'RODUCT  MADE  WITH  Ti  Cl^  CATALYST 
3  parts  ...  49  g.  TRI  ISOPROPYL  BORATE 

NO  HEAT  ON  MinNG 


TIME 

min. 

TEMPERATURE  VARIAC 

C  . 

PRESSURE 

mm  . 

VOLUME  TRBIABKS 

_ ill _ 

15 

55  (131°F)40 

17 

- 

45 

65  40 

17 

25  CLEAR  DISTILLATE 

60 

60  40 

17 

35 

75 

73  (163  F)40 

3 

50 

45  40 

4 

55  CUT  I . 47  a. 

140 

45  50 

22 

- 

150 

40  50 

4 

- 

180 

35  60 

4 

POT  CONTENT  STILL  LIQUID,  DARK 

240 

40  60 

4 

BROWN 

HEATING  TAPE  APPLIED 

260 

155  (311”f)  65 

4 

- 

300 

175  (347°F)  80 

3 

FUMES.  POT  STILL  GOOD 

305 

3  1  5(599°F)90 

3 

CLEAR,LIGHT  YELLOW  FLUID  COMING 

310 

315  -  317  90 

3 

LIGHT  YELLOW,  VERY  VISCOUS  FLUID 

I .PART  OF  PRODUCT  TAKEN  ...  114 

345 

323  -  327  95 

3 

CLEAR  SLIGHTLY  YELLOW  FLUID 

(614°F)  (620°F) 

II.  PART  OF  PRODUCT  TAKEN  :  54 

TOTAL  PRODUCT .  I68 

.  CCWPARING  THE  REFRACTIVE  INDICES  AT  N 

25 

D 

TRI  ISOPROPYL  BORATE  .. 

»  •  * 

.  1.3738 

LOW  CUT  OF  I . 

•  • 

1.3750 

HIGH  CUT  OF 

I . 

•  •  • 

1.4562 

PRODUCT  HADE  WITH  Tl  Cl/ . 

.  1.4562 

WITH  A1  CI3 

..  1.4562 

BENZYLALCOHOL  MODIFICA¬ 
TION  OP  PRODUCT  WITH  TiCl45  1.4566 

III.  QDALITAnVE  TEST  OF  THE  HIGH  CUT  (PRODUCT)  FOR  BORON  ACCORDING  TO  LANGE 

HANDBOOL  p.958 

TEST  SOLUTION  ...  CB3OH  AND  H2SO4  5tl 

TEST  SOLUTICN)  ADDED  TO  PRODUCT  AND  IGNITED  THE  VAPOURS.  THE  GREEN 

FLAU  INDICATED  THE  PRESVCE  OF  BORON 

TESTS  OR  THIS  PRODUCT  CONTINUSD 
47. 


TABLE  187 


( CONTINDED  ) 


MORE  TESTS  ON  THE  TRl  ISOPROPYL  BORATE  MODIFICATION  OF  THE 
TPT/  ZINC  OCTOATE  PRODUCT  MADE  WITH  Ti  Cl^  IN  TEST  T  43-26 


IV.  EXPOSURE  TESTS  TO  AN  OPEN  FLAME  : 

o  CENTIGRAOE)  ^ 

TEMPERATURE  OF  FLUID  REACHED  BEFORE  FLAME 

SECONDS  OF  CONTACT  WITH  BUNSEMBURNER  FLAME  AT 

60  DBIREE  ANGLE  BEFORE  BURNING  :  15  13  9  5  0 

SECONDS 


V.  OXIDATION  REDUCTION  TEST 

MIXTURE  OF  50  g.  PRODUCT  T  43-26 

50  g .  CERIUM  OCTOATE  INHIBITED  SILICONE  FLUID  510 
TEMPERATURE  OF  TEST .  200  C  .  WITH  AIR  STREAM 


TEST  DURATION . THREE  DAIS 

WEIGHT  OF  SET  UP  BEFORE  TEST .  209  g  . 

AFTER  TEST .  169.8  g. 

WEIGHTLOSS .  29.2  g  .  or  29  ]( 


48. 


TABLI  188o 


UACTIIQ  m  TITBA  ISOPBDPIL  TlTABATI/ZUCOCTOATl  MACTIOB  PBOWCT  (WITH 
A1  Cl,  CATALI8T)  WITH  HI  I80P10PIL  lOlATl 
I.  T  40-110 

osiM  150  tiPsooDCT  mm 

50  c  .TRI  ISOPIOPIL  BOKATI. 

m  MATBRIALS  WERI  HIXID  AID  IBATBD  AID  IIFLUXID  UIDBR  IBDDCED  PIISSDRB. 

nn  ni  pomp  was  allowed  to  tvieoATi  tie  sxstb  pow  hi  distillatim 


TUB 

PBBSSOU 

TBPBRAIOIB  fOLDIB 

fl  .  PAIIAC  1  . 

WUBBT 

f . 

BBAKS 

OJ. 

75 

SO 

20 

0.1 

75 

50 

45 

CLia  COLOILISS  fUJID 

30 

0.1 

63 

56 

60 

ni  ILASE  SQLDTIOl  IS  ALSO 

STILL  CLIAl 

40 

0.1 

JO 

70 

6s. 

4S.6  f. 

C  D  T  I 

TO 

0.1 

100 

70 

- 

SO 

0.1 

ISO 

70 

5 

90 

0.1 

200 

70 

-5— 

C  U  T  II 

UO 

0.1 

2  7  5 

1  70 

CLIAl  VnX  fISC0D8.00LDn 

LIQDID  APPIAB8 

130 

0.1 

275  - 

2S0 

DISTILLS  AT  COISTAIT  TUP. 

70 

.25SLM^ 

0 

0 

PLA8I  POUT  OP  niS  PIODBCT  . 

9  4  A  9 

290  0.  ... 

..  554  P. 

PLABB  POUT  OF  TUS  PIODOCT  . 

•  «  9  9 

325°C.... 

0 

.9  617  F* 

III.  QDALITAnVI  nST  POI  lOROI  01  Til  PIODDCT  OF  I.  (  lAIDBOOK  CIBI.&  PBIS. 

p.958) 

lUOttT  SOLUnOI  t  5  (  1  VOLOIB  SOLUTIQi  OP  UTRAIOL  AID  I2SO4 
■IXID  IQDAL  AM0UIT8  OP  SAMPLI  AID  OP  lUBBT. 

VAPOBIZID  SOLOnOI  11  HBATIK  AID  lOlITBD  Til  TAPOUIS 
TU  ISOPIOPIL  BOBATB  BOBS  WIH  BUB  PLAIB 
PIODOBT.  01  TPt/ZUCOCTOAn 

(Win  A1  CI3  CATALI8T)  BBS  Win  BLOB  ILAII  WinoUT  All  nAGB  OP 

BBEtH 

m  piQnGi  .1.  40  -110 

(  1  Aloft)  BOBS  Win  BLOB  PLAIB  Win  BIBB  lALO  ABO 

aUMOU  n  BIBB  ILBB.  IT  TUIBPOIB  C0IIAII8 


TABLE  189. 

KOBE  PREPARATIOMS  OF  THE  TRI  ISOPROWL  BORATE  ■ODIFICATIOM 


I.  T  AO-124 


USED  .....  150  g. PRODUCT  TPT/ZIMCOCTOATE  WITH  A1  CI3  CATALXST 
50  g  TRI  ISOPROrtL  BORATE 


TIME 

nln. 

VARIAC 

TEMPERATURE 

c  * 

VOLUME 

■1. 

PRESSURE 

REMARKS 

50 

30 

0.3 

20 

50 

48 

60 

0.3 

CLEAR  COLORLESS  FLUID 

30 

50 

30 

Jkl 

0.3 

EMD  OF  CUT  I 

60 

70 

90 

- 

0.3 

140 

70 

280 

- 

0.3 

PRODUCT  APPEARS 

150/180 

70 

2  9  0 

1  5  0 

0 

0.3 

0 

PRODUCT  DISnLLS  CLEAR  AND 
LIGHT  XELLOW  AT  CONSTANT 
TEWP2RAT0RE  OF  290  C  . 

(55/-°F) 

PLASH  POIHT  .... 

FLAME  POIBT  . . 

..  295  c.....  563  F 

. .  320°-  325°C..... 

608®/  617°F. 

II.  T  40  -131 


USED  ....  600  g. PRODUCT  TPT/ZIBCOCTOATE  WITH  A1  Cl^  CATALXST 
200  g  .  TRl  ISOPROPXL  BORATE  ^ 


TIME  VARIAC  I  VARIAC  II  TIMPERATURE  VOLUME  PRESSURE 
■in  . _ _ ■!  . _ — 


REMARKS 


- 

- 

- 

30 

- 

0.5 

20 

40 

40 

U 

0.5 

40 

40 

40 

48 

70 

1 

CLEAR  COLORLESS 

60 

40 

40 

55 

150 

3 

MATERIAL 

80 

40 

40 

62 

200 

5 

90 

50 

50 

70 

220 

0.5 

120 

50 

50 

40 

230  ■!. 

_  0.5 

C  U 

T  I  ....  206  g  . 

150 

70 

70 

3  10 

0.5 

PRODUCT  APPEARS 

170 

70 

70 

315 

200 

0.5 

CLEAR  aOLDIM  COLOR 

190 

70 

70 

310 

45O  g. 

0.5 

III  T  40 

-133 

USED  .. 

»  •  •  •  • 

288  g. PRODUCT 

96  g. TRI  ISOPROPXL  RORATE 

- 

- 

40 

1 

5 

30 

50 

70 

100 

ISO 


40 

40 

40 

60 

60 

60 


48 

60 

il- 

90 

3  10 
310(590®F) 


80 

•» 

JQIL 


1 

1 

1 

1 

1 

1 


CLEAR  COLORLESS  FLUID 
APPEARS 

C  U  T  I 

HBOOCT  APPEAB8 
BEACTXOI  PRODUCT 


50 


TABLI  190. 


I 


MOSS  STUDIES  ON  THE  PRODUCT  MODIFICATICTI  WITH 


TRI  ISOPROPIL  BORATE  (  T  40  -  110  ) 


I. 


MIXTURE  OF  ONE  PART  (  31  g)  T-40  -110  WITH 

33  go  INHIBITED  DOW  FLUID  510 


T  40  -  113 


WAS  FURTHER  MIXED  WITH  ACETONE  AMD  BEMZBIE  AMD  WAS  HEATED  UP  TO  19q,  C 

(374  F) 


UNDER  Ool  Mt  VACUUM. 

WEIGHT  LOSS  (  LOW  CUT)  DETERMINED  :  MEW  WEIGHT  ....  56  g  . 

OLD  WEIGHT  ....  64  g  . 

LOW  CUT  REMOVED .  8  g  . 

LEFT  STANDING  OVER  MIGHT.  NO  PHASE  SEPARATIOR,  BUT  A  SLIGHT  CLOUDINESS 
APPEARED. 


II.  OHDATION  TEST  t  I  40  -  114 

40  g.  OF  THE  MATERIAL  PREPARED  IN  I  (  T  40-  113)  WERE  SUBJECTED  TO 

OXIDATION  TEST  HTH  METALS  AT  200*8. WITH  5  LITER  AIR/HOUR. 

t392°F) 

AFTER  TEST  WEIGHT  LOSS  .....  10  g  .  or  25 
COLOR  ONLY  SLIGHTLY  DARKER 
VISCOSITY  EXCELLENT 

METALS  UNCHANGED,  ONLY  COPPER  SLIGHTLY  DISCOLORED. 


( 
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SECTION  II-D 


TABLE  191. 

REACTING  TETRA  ISOPROPTL  TITANATE  WITH  TRI  ETHIL  HEIIL  - 
TRI-  MELITATE  (  TOTH  )  A  DERIVATIVE  OF  THE  MELISSIC  ACID 

(  C30  COOH  )  (Duflex-TOIM,  Rosett  Ch » Inc. , Newark) 


( 


I.  T  40-  99  USED:  I50  g- TETRI  ISOPROPXL  TITAIATE 

150  g. TRI  2  ETHXL  HEXXL  TRI  MILITATE 
0.1  g  .Al  CI3 


II. 


TIME 

■in  . 

VARIAC 

PRESSURE 

TBIPIRATURE 

C  . 

VOLUME  WEIGHT  RBIARKS 

50 

2.5 

30 

- 

ODOR  OF  ISOPROPILALCOHOL 
BUT  EVIDEMTLX  THE  VAPOURS 
PASS  INTO  THE  TRAP 

30 

50 

2.5 

84 

VAPOURS  APPEAR 

38 

50 

2.5 

94 

CLEAR  COLORLESS  MATERIAL 
APPEARS  AND  DISTILLS  ASq 
TBIPERATURE  RISES  TO  UOC 

80 

50 

2.5 

110 

140  al . 

160  g 

FLASK  CONTENT  DID  NOT 

TURN  XELLOW 
.  GOT  I 

100 

70 

2.5 

140 

- 

NO  MORE  LOW  CUT 

130 

70 

2.5 

240 

A  VISCOUS  RED  ORANGE 
MATERIAL  APPEARS  AND  DE^ 
STILLS  AT  CONST4RT  TOl- 
PERATURE  OF  250  C. 

uo 

70 

2.5 

250 

30 

FUSE  CONTENT  RED 

150 

70 

2.5 

250 

70 

CUT  II 

15 

70 

2.5 

250 

- 

155 

70 

2.5 

250 

170 

70 

2.5 

250(482"F)  20 

FLASK  RESIDUE  BROWI  VERX  VISCOUS 


T  40-  100  USED  75  g  .TETRA  ISO?ROPIL  TITANATE 

150  g.  TRI  2  ETHIL  HinL  TRI  MELITATE 
0.1  A1  CI3 

(  THIS  MEANS  :USIN6  ONLX  1/2  AMOUNT  OP  TITANATE) 


- 

50 

2.8 

30 

- 

40 

50 

2.8 

95 

CLEAR  COLORLESS  FLUID  APPEARS 

60 

50 

2.8 

110 

50 

70 

50 

2.8 

115 

80 

85 

50 

2.8 

117 

85b1<  GREENISH  TINT 

90 

65 

2.8 

m 

-  80  kEND  OF  C  0  T  I 

115 

65 

2.8 

80 

BROWN  FLUID  IN  FLASK 

140 

65 

2.8 

180 

XELLOW  FLUID  DISTLLS  AT 

STANT  TBIPERATURE  OF  180°C  . 

160 

65 

2,8  180(3560F,)  70  ■!.  COT  II 

ONLI  DECOMPOSITION  PRODUCT  LEFT  IN  FLASK 
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TABLE  192 


REACTING  BASIC  ZINC  OCTOATE  WITH  TETRA  B  E  N  Z  I  L  TITANATE 


I.  PREPARING  A  TRANSESTERIFICATION  PRODUCT  BETWEEN  TETRA  ISOPROPYL  TITANATE 

AND  BENZYL  ALCOHOL  T  38-  71 
USING  ....  432  g  .BENZYLALCOHOL  AND  285  ISOPROPYL  TITANATE 

HEAT  DEVELOPED  UPON  MIXING 

TIME  TEMPERATURE  VARIAC  VACUUM  VOLUME  WEIGHT  REMARKS 
■In  . _ C^; _ ■■  . _ bI^ _ g_. _ 


as 

40 

ATM 

- 

45 

86 

45 

20 

50 

88 

50 

40 

60 

89 

55 

70 

90 

88 

55 

170 

140 

89 

55 

280 

150 

94 

55 

290 

160 

105 

55 

295 

165 

115(239  F) 

55 

300  ■!  . 

2  1  6  f .  ISOPROPYL  ALCOHOL 

TAKEN  OFF 

II.  REACTING  130  (.REACTION  PRODUCT  OF  I.  (TETRA  BENZYL  HTANATB)  WITH 

190  f .ZINC  OCTOATE  IN  PRESENCE  OF  T  38-83 

18  (  .  WATER 

SINCE  THE  REACTION  PRODUCT  OF  I  IS  AT  R.T.  SOLID  IT  HAS  BEEN  MOLTEN  ON  A  HOT 
PLATE  (  AT  LOW  HEAT  POSITION)  BEFORE  REACTING  IT  WITH  ZINC  OCTOATE. 


TIME  TaiPERATURE  VARIAC  PRESSURE  VOLUME  WEIGHT  REMARKS 
■In. _ C_j _ MB  . _ gl^i _ (j _ 


- 

27 

40 

2-4 

- 

90 

105 

40 

10 

110 

U2 

50 

25 

colorless  liquid 

135 

115 

55 

70 

odor  of  Bensylaleohol 

ISO 

U5 

60 

105  ■! 

103  A  ,  C  U  T  I 

170 

165 

70 

10 

clear  colorless 

180 

170 

70 

20 

12fi_ 

U5 

70 

20  »  .  C  U  T  II 

220 

230 

75 

_5 _ 

yellow  llQuld  CUT  III 

230 

268 

75 

10 

yellow  liquid 

280 

75 

15 _ 

yellow  liquid  GUI  IV 

250 

290 

75 

5 

257 

290 

75 

10 

2S5 

290 

75 

15 

280 

290(554®F) 

75 

_2JL 

THE  REACTION  PRODUCT 
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Continued  from  pai^e  34* ) 
interest  in  this  mpteriel  at  this  time. 

In  TABLE  193  the  isopropyl  groups  in  the  tetra  isopropyl  titanate  were  replaced 
by  reacting  the  titanate  with  2  chloroethanol,  and  the  resulting  material  was  then 
complexed  with  zinc  octoate  in  the  presence  of  water.  The  results  were  not  satisfactory 
but  it  is  planned  to  repeat  this  preparation  without  the  addition  of  water. 

In  TABLE  194  the  reaction  product  of.  PART  1  was  modified  with  a  solution  of  penta 
bromophenol  in  benzyl  alcohol.  A  brown  reaction  product  was  obtained,  distilling 
between  200®C.  392°F.)  and  312°C..  {  593®F)  at  2-4  nm.  pressure.  This  reaction  product 
has  not  yet  been  studied  with  regards. to  its  properties. 


TABLE  193 


IHTRODDCmQ  A  CHLOROETHANOL  INTO  THE  TITAMATE  SYSTEM 
T-38  -85 

I .  TRANSESTERIFICATION  OF  TETRA  ISOPROPYL  TITANATE  WITH  2  CHLOROETHANOL 
USED:  160  g  ,  2-CHLOROETHANOL  (  2  aoles) 

U2  g  TETRA  ISOPROPYL  TITANATE  (  1/2  «ole) 
ATVOSPHEIIC  DISTILLATION  : 


140  al.OF  ISOPROPANOL  WAS  TAKEN  OFF  IN  THE  COURSE  OF  2  HOURS  30  MINUTES 
COMING  OVER  BETWEEN  80°AMD  90  C  . 

THE  DISTILLATION  WAS  STOPPED  AS  SOON  AS  A  FAINT  BUT  DISTINGUISHABLE 
ODOR  OF  2  CHLOROETHANOL  WAS  APPARENT. 


THE  COLOR  OF  2  CHLORO  ETHYL  TITANATE  IS  DARK  BROWN.  ITS  FORMULA  MIGHT 
BE  SEEN  AS  Cl 

I 

CHj-  CH2 

^  t 

0  CHg-  Cl 

I  I 

CH^-  0  -T  1  -  0  -  CHo 

I  I 

CH  -Cl  0 
2  , 

CH2  -  CH2 
Cl 

II.  REACTING  THIS  PRODUCT  OF  I.  WITH  ZINCOCTOATE  IN  PRESENCE  OF  WATER  T  38  -  86 

USED  92  g  .PRODUCT  I 

190  g.  BASIC  ZINCOCTOATE 
13.5  g,  WATER  (  3/4  aole) 

ON  ADDITION  OF  WATER  A  WHITE  PRECIPITATE  IS  FORMED  IN  THE  BROWN  SOLUTION 


TIME 
■In . 


TEMPERATURE 
C  . 


VARIAC  PRESSURE 


VOLUME 

■1. 


5 

30 

2-4  5 

60 

42 

40 

25 

m 

46 

50 

50 

152 

85 

60 

20 

160 

90 

60 

30 

190 

180 

65 

70 

MU. 

260 

120 

190 

70 

70 

.8^-, 

10 

300 

190 

(374F)  75 

30  ■! 

WEIGHT 
_ L:_ 


REMARKS 


CUT  I 


CUT  II 


55. 


THE  TEMPBiATDBE  DROPPED  AND 
FLASK  CONTENT  SOLIDIFIED. 


TABLI  194 


IRTRODOCIHG  BBOHIIB  IMIO  THI  TPT/ZIMCOCTOATB  RIACTIOR  PRODOCT: 


FIRST  IRTRODDCUU  PORDBIX  PBRTA  BROMOPHBROL  IRTO  BIRZXLALCOHOL 


T  38  -99 


USIHG  20  §  PIRTA  BBOIK>  PHnOL  ARD 
100  t  JBZZLALCOHOL. 

THE  BRONOPHEROL  DISSOLVES  PARTIALLX  IR  THE  BERZILALCOHOL  ARD  GIVES  A 
BRORR  SOLUTIOR*  AFTER  MEATIRG  THE  MIXTDU  OR  A  HOTPUTE,  IT  WAS  FIL¬ 
TERED  IHRODQH  GLASSWOOL. 

AFTERWARDS  THIS  «  MODinER*  WAS  MIXED  WITH  THE  PRODOCT  WHICH  WAS  TO  BE  MODIFIED: 
USIHG  ....  190  c."PR01»CT''  MADE  WITH  A1  CATALXST 
95  C  MODIFIER"  PREPARED  ABOVE. 

THE  PRODOCT  DISSOLVES  EASILI  IH  THE  DARK  BROWR  "MODIFIER"  ARD  THE  RESULTIRG 


MIXTURl 

TIME 

■in. 

IS  LESS  VISCOUS  THAR 

TMPERATURE  VARIAC  I 

C  .  _ 

THE  IRITIAL 

VARIAC  II 

PRODUCT. 

PRESSURE 

VOLUME  WEIGHT  RIMARES 
_ al. _ _ 

- 

26 

35 

10 

2-4 

41 

75 

35 

10 

5 

CLEAR  DISULLAXE  COMES 

63 

75 

35 

10 

25 

DROP  IX  DROP 

92  ... 

79 

38 

10 

SI. 

„  C  U  T  I 

89 

104 

45 

12 

99 

104 

45 

U 

20 

CLEAR,  ODOR  OF  BERZXL- 

111 

104 

45 

15 

30. 

ALCOHOL 

150 

104 

55 

15 

40 

175 

120 

60 

16 

45 

180 

160 

65 

16 

• 

COT  II 

m- 

150 

65 

16 

_  lELLOW  LIQUID 

240 

120 

65 

20 

270 

210 

75 

25 

3 

DARE  ORARGE 

330 

285 

75 

30 

5 

OlARQE 

295 

75 

30 

— « 

_JJL 

__  DARE  BROWR 

345 

298 

75 

30 

5 

370 

300 

75 

30 

20 

380 

3  18  (590®F) 

75 

30 

40 

390 

312 

75 

30 

60 

400 

310 

75 

30 

85 

420 

305(581®F) 

75 

30 

105 

56 
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PART  III.  RESUMING  WORK  ON  THE  INTRODUCTION  OF  PHOSPHOR  GROUPS  INTO  THE  PRODUCT  OF 


PART  I. 

INTRODUCTION 

In  the  preceding  report  of  this  project,  work  was  reported  on  the  introduction  of 

phosphoms  groups  into  these  products.  This  work  has  been  continued. 

SECTION  A.  INTRODUCING  ALIPHATIC  ORGANO  PHOSPHATES  INTO  THE  ALKXL  TITANATES  (TABLES  195- 

201) . 

The  effort  was  made  to  introduce  phosphate  groups  from  tri  octyl  phosphate 
into  the  alkyl  titanate  or  into  the  complex  products  of  PART  I.  (  TABLES  195-201).  A 
reaction  does  take  place, and  products  have  been  obtained  which  have  interesting 
properties;  but  no  definite  reaction  compound  has  been  established  for  further  evaluatloi, 
The  phosphate  was  reacted  with  tetra  isopropyl  titanate  and  the  resulting  product 
further  reacted  with  zinc  octoate  in  the  presence  of  aniline.  Here  a  material  was 
obtained  (  TABLE  198)  which  came  over  in  distillation  at  2-10  mm.  Hg.  pressure  between 
325°C.  anl  340®C.  (6l7°Fo  and  644°F.),  and  which  had  a  flame  point  of  326°C.  (6l8°F.), 
TABLE  199  gives  also  satisfactory  results  of  an  hydrolytic  stability  test  of  the  new 
material. 

In  TABLE  200-  III  an  attempt  is  shown  to  further  introduce. a  chlorine  into  this 
material  by  further  reacting  it  with  2  chloroetbanol;  but  this  did  not  result  in  an 
Increase  of  the  flame  point. 

SECTION  B.  USING  AN  ALIPHATIC  AND  AN  AROMATIC  ORGANO  PHOSPHATE  IN  THESE  REACTIONS. 

(TABLES  202-203) 

Since  em  Interreaction  between  tetra  isopropyl  titanate  and  tri  cresyl  phosphate 
results  in  solid  materials,  the  attempt  was  made  to  use  the  aliphatic  tri  octyl  phosphate 
and  the  aromatic  tri  cresyl  phosphate  together.  The  resulting  product  (  TABLE  202)  was 
then  further  complexed  with  zinc  octoate.  The  resulting  products  (  TABLES  202  and  203) 
were  not  desirable  in  that  they  did  bum  when  exposed  in  an  open  flame.  Further  work 
will  be  undertaken  on  this. 


(  Continued  on  page  68^ 


SECTION  iii-A 


TABLE  195. 

(  attoipting  to  introkjce  tri  octxl  phosphate  into  TITAMATE 

T  38  -  90 

USING  ;  120  *  .  TRI  OCTIL  PHOSPHATE  {  TOF) 

60  f.  TETRA  ISOPROPYL  TITANATE 
2  drops  Ti  CI4 


TIME 
■In . 

TEMPERATURE 

C  . 

VARIAC 

PRESSURE 

IBIft 

VOLUME 

■1. 

WEIGHT  REMARKS 

C. 

26 

40 

4  Ml  . 

40 

105 

50 

20 

48 

104 

50 

30 

YELLOW  LIQUID  WHICH 

53 

103 

50 

40 

56 

102 

50 

50 

SMOKES  ON  EXPOSURE 

70 

95 

60 

55 

90 

100 

60 

60 

TO  AIR  :HYDROLYZES 

110 

106 

-  65 

70 

120 

108(226"F)65 

75  ■!. 

READILY. 

6  1  f  CUT  I 

140 

205(401°F)65 

4  m  . 

2 

150 

215 

70 

10 

VERY  STEADY  CONSTANT 

170 

215 

70 

15 

180 

215 

70 

25 

DISTILLATION  OF  CLEAR 

187 

215 

70 

40 

205 

215 

70 

60 

COLORLESS  LIQUID  . 

210 

215 

70 

70 

FLASK  MATERIAL  TURNS  GRA¬ 

220 

215 

70 

100 

DUALLY  .  DARK  BROWN 

228 

215(419°F)  70 

120  Bl. 

1  0  2  f.  CUT  II 


CCWPARING  THE  REFRACTIVE  INDEX  OF  TRI  OCTYL  PHOSPHATE  (  TOF) 
WITH  THE  REFRACTIVE  INDEX  OF  CUT  II 


TRI  OCTYL  PHOSPHATE  R.I.  25°C  .  1.4405 

CUT  II .  R.I.  25°C, . 1.44C36 


( 
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TABLB  196 


REACTING  TETRA  OCTYL  TITANATE  WITH  TRI  OCTIL  PHOSPHATE 
I.  T  43  -  15 


USED  120  go  TRI  OCTXL  PHOSPHATE  (  TOP) 

60  g .  TETRA  2  ETHU  HEHL  TITANATE  (  TETRA  OCTYL  TITANATE) 


3-4  DROPS  OP  Ti  CI4 


DISTILLED  USING  A  CAPILLARY 

TIME  TEMPERATURE  VARIAC  PRESSURE 

min .  Co  mm . 

VOLUME 
ml . 

REMARKS 

32 

40 

10 

- 

60 

32 

40 

10 

- 

65 

87 

50 

12 

CLEAR  COLORLESS  LIQUID 

75 

85 

50 

12 

10 

105 

75 

60 

10 

-8£L 

135 

60 

12 

150 

235(455°F) 

60 

12 

5 

CLEAR  COLORLESS 

CAPILLARY 

REMOVED  „ 

180 

190(374°F) 

60 

2 

20 

PRODUCT  CLEAR, SLIGHTLY  YELLOW 

195 

197 

60 

2 

60 

200 

197 

60 

2 

85 

210 

203  0 

60 

2 

no 

215 

203(397  ) 

60 

2 

120 

PRODUCT  A 

240 

230  -  240 

80 

2 

25 

HIGH  VISCOUS  DARK  YELLOW 

(U60F-464°F) 

PRODUCT  B 

PRODUCT 

B  FLAKES  AT  70 

°C  .  (158°F) 

T  43  -  17 

REACTING 

THE  PRODUCT  OP  I 

WITH  ZINC  OCTOATE 

USED 

58  g.  PRODUCT  A 

(  T  43-  15)  AND 

58  g,  ZINCOCTOATE 

(  18%) 

N  .  0  HEAT  ON  MIXING.  USED  A  CAPILLARY 

- 

25 

40 

3 

- 

15 

40 

40 

3 

15  ml.  CLEAR  COLORLESS 

C  U  T  I 

45 

60 

40 

3 

- 

65 

125 

40 

3 

10  ml.  CLEAR  COLORLESS  LIQUID 

80 

135 

50 

3 

25 

105 

100 

50 

3 

25_ 

C  U  T  II 

110 

125(257  F)  50 

3 

20 

YELLOW  DISTILLATE,PDMING 

C  U  T  III 

NO  DISTILLATE  COMING  OVER  AND  POT  CONTENT 
SOLIDIPIED  o 


TABLl  197, 


■OKI  STCDIIS  lini  HI  OCTIL  PHOSPMATl 


I.  USED  SO  f  .TrnUL  ISOPIOPIL  niAIATI  T  40  -  106 

160  c  .  TRI  OCTIL  PHOSPHiTI 

0.2  c  ,11  Cl, 

3 

TIM  PMSSOM  VAUIC  TUIPIRATUU  VOLDIB  BBUBKS 


2.8 

60 

27 

- 

40 

2.8 

60 

94 

- 

VAPOURS  APPEAR 

60 

2.8 

60 

96 

- 

CLEAR  LIGHT  YELLOW  LIQUID  COMES 

80 

2.6 

60 

96 

ipo 

COT  I 

100 

1 

60 

- 

flT.KAB  COLORLESS  DISTILLATE  COMES 

150 

1 

60 

185  (365°F) 

ISO. 

CUT  II  FLASK  ALMOST  MPTX 


II.  USED  80  g.TETRA  ISOPROPIL  TITAN ATh 
160  g  JHI  OCTYL  PHOSPHATE 


0.5  g.  A1  CI3  T  42-  116 

TIME  TfMPEHATURE  VARIAC  PRESSURE  VOLUME  REMARKS 


Bln  . 

C  . 

BB 

- 

25 

30 

5 

45 

40 

8 

60 

90  (194  F) 

40 

8 

70 

120 

40 

8 

95 

125 

40 

5 

105 

125 

40 

5 

120 

130 

40 

5 

130 

130 

40 

5 

150 

130 

40 

4 

170 

205 

50 

2 

190 

210  (ao°F) 

50 

2 

200 

215 

50 

2 

210 

215 

55 

2 

220 

215 

55 

2 

240 

215 

55 

2 

250 

215 

55 

2 

260 

215  (a9  F) 

55 

2 

270 

220 

55 

2 

28Q 

220 

55 

2 

285 

225  (437°F) 

55 

2 

aL 


10  CLEAR  DISTILLATE 

25 

30 

50 

70 

80  C  U  T  I 
2 

25  CLEAR  DISnLLATE 

35 

50 

65 

SO 

90 

100 

120 

130 

140  «1.  C  U  T  II  T  42  -116 


THIS  CUT  WAS  USED  FOR  FURTHER  RIACTIOR 

WITH  ZIBC  OCtOATE  A  R  D  AHILUE  . 


60 


TABLE  198. 


ADDITIONAL  STUDIES  WITH  TRI  OCTYL  PHOSPHATE 


( 


I.  T  42-  118  USED  60  g.TETBA  ISOPROPYL  TITANATE 

180  g. TRI  OCTYL  PHOSPHATE 
0.5  g.  A1  CI3 

TIME  TUPERATURE  VARIAC  PRESSURE  VOLUHE  REMARKS 


min  . 

C  . 

mm  . 

ml . 

- 

2TT77OFT 

35 

2-10 

- 

25 

25 

40 

2-10 

- 

45 

50 

45 

2-10 

10  CLEAR  COLORLESS 

70 

120 

45 

2-10 

25 

90 

150 

45 

2-10 

40 

100 

150  0 

45 

2-10 

55 

120 

150(302  F) 

45 

2-10 

70 

150 

155  0 

45 

2-10 

90  C  U  T  I 

180 

200(392°F) 

45 

2-10 

10  CLEAR  DISTILLATE 

200 

205 

45 

2-10 

35 

210 

215 

45 

2-10 

65 

220 

215  (a9  F) 

45 

2-10 

100 

230 

220 

45 

2-10 

120 

240 

220 

45 

2-10 

135 

250 

215 

45 

2-10 

U5  ml .  C  U  T  II  T  42-118 

II.  T  42-117 

REACTING  100  g. CUT  II  OP  T  42-116 
450  g  .ZINC  OCTOATE  AND 

50  g. ANILINE  HEAT  EVOLVED  UPON  MIZING 


- 

25 

35 

2-10 

• 

60 

55 

55 

2-10 

- 

70 

100 

60 

2-10 

on*  drop 

90 

110 

55 

2-10 

10 

aSAR  COLORLESS  DISTILLATE 

100 

115 

55 

2-10 

20 

110 

115 

55 

2-10 

45 

120 

120 

«  55 

2-10 

65 

125 

125  (257  F)  55 

2-10 

85 

135 

135 

0  55 

2-10 

li22_ 

C  U  T  I 

U5 

U5  (293  F)  55 

2-10 

25 

CLEAR  COLORLESS  DISTILLATE 

150 

U5 

-  55 

2-10 

35 

160 

165(329  F)  55 

2-10 

50 

170 

215 

0  55 

2-10 

70 

175 

215  (a9  F)  60 

2-10 

80 

185 

230 

60 

2-10 

120 

187 

233 

60 

2-10 

U5 

190 

200 

60 

2-10 

180 

195 

180 

60 

2-10 

220 

C  U  T  II 

220 

185 

.  75 

2-10 

5 

1  DEEPER  YELLOW  DISTILLATE 

240 

270  (  518”F)  75 

2-10 

15 

CUT  III 

280 

320  - 

3  3  5  75 

2-10 

psooocT  omm  over 

(608''F-635OF) 

DABKER  IN  COLO^  THU  BBULAl  PBODDCT 

BUT  LOPER  II  nSCOSIT! 
(TABLE  CONTINUED) 
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TABLE  198o  (COMTIHUED) 


ADDITIOMAL  STUDIES  WITH  TRI  OCTIL  PHOSPHATE(COHTniUED) 

III.  T  42-  U9 

USIHG  100  g.  CUT  II  OF  T  42  -118 
450  g.  ZINC  OCTOATE  16% 


TIME 

■in  ■ 

50  8 

TEMPERATURE 

c. 

1  .ANILINE 

HEAT  ON  MIZINO 

TARIAC  PRESSURE  VOLUME  RBIARKS 

• 

28 

35 

2-10 

70 

45 

50 

2-10 

- 

90 

105 

55 

2-10 

A  FEW  DROPS 

100 

115 

55 

2-10 

20 

no 

U8 

55 

2-10 

25 

120 

120 

55 

i-10 

35 

130 

120 

55 

2-10 

55 

140 

128  ^ 

55 

2-10 

n 

150 

130  (266  F) 

55 

2-10 

100 

160 

130 

55 

2-10 

no 

170 

0 

55 

2-10 

120 

ISSL 

155(311  F) 

55 

2-10 

16J.«1.  CUT  I 

190 

200 

55 

2-10 

10 

210 

220 

55 

2-10 

55 

220 

225  0 

60 

2-10 

55 

230 

230  (U6  F) 

60 

2-10 

T5 

240 

230 

60 

2-10 

loa 

260 

X85 

60 

2-10 

U5 

265 

240  (464''F)  65 

2-10 

as 

270 

260 

65 

2-10 

280 

275(527°F) 

65 

2-10 

220  CUT  II 

3  TT°  AND  '3  4  0° 
(617°F  )  (6U°F) 

PRODUCT 

CAME  OVER  BETWEEN 

CHARACTERISnCS  OF  THE  PRODUCT  OF  HI 

FLASH  POINT  . 

..,,292 

0  0 

C .  557  F . 

FLAME  POINT  . 

....  3  26 

°C  6  1  8'^. 

OZIDATIOH  TEST  ...  ^SINQ  22.4  g. PRODUCT  T  42-119  WITH  METALS  (Cu  A1  STEEL) 
i  ^  ^  °  '  *  •  •  ^  COLOR.  ONLI  SLIGHT 

U920F}  SEDIMENT  01  BOTTOM  T  42-  121 

V.  BENZZLALCOHOL  MODIFICATION  OF  T  42-U9 

MADE  USING  100  g.T  42-119  WITH  90  g.BEMZXLALCOROL  (  T  42-120) 

TAKING  OFF  60  al.LOW  CUT  AT  100 ’’c  1  2-10  mm  J>RESSUBE)  AID 
20  al.IELLOW  CUT  AT  130 T  .(  2-10  m  ^PRESSURE) 

VI.  BENZYLALCOHOL  MODIFICATION  OF  T  -42-  117  USING  72  g.T  -42-117  AND 

.  25  g. BENZYLALCOHOL 

TAKING  OFF  30  ad  LOW  CUT  AT  88  C<>AND  TAKlNCITHE  DARK  BROWN  FLUID 

FROM  THE  FLASK  :  FLASH  POINT  1  270”c .  518^. 

FLAME  POINT  :  305  C  h  . . .  580  F  . 


62 


TABLI  199. 


REACTING  TETRA  ISOPROPXL  TITANATE  WITH  TRI  OCTIL  PHOSPHATE 
IN  PRESENCE  OP  A  SMALL  AMOUNT  OF  A1  CI3 
T  38  -102 

USED:  60  *. TETRA  ISOPROPIL  TITANATE 

180  t .  TRI  OCTIL  PHOSPHATE 
0.5  K.i4  CI3 

TIME  TBffERATURE  PRESSURE  VARIAC  VOLUME  UOIARKS 

■In  . _ £_j _ jgu _ iLi _ 


26 

2-4 

40 

- 

35 

30  0 

45 

- 

50 

95  (203  F) 

45 

10 

58 

95 

45 

20 

90 

95 

50 

30 

CLEAR  AUOST  COLORLESS  LIQUID 

105 

100 

50 

40 

120 

95 

50 

60 

- 

COT  I 

130 

120(24B®F) 

2-4 

50 

5 

U5 

145(293  F) 

60 

10 

COT  II 

160 

195(383  F) 

2-4 

60 

10 

170 

198 

60 

20 

CLEAR  LIQUID 

180 

196 

60 

40 

192 

195 

60 

60 

216 

195 

60 

90 

223 

196 

60 

100 

100  c- OF  THIS  MATERIAL  WERE  MIXED  WITH 
450  g^ZIMC  OCTOATE  AND 
50  g  .  ANILIN  AMD  WERE  DISTILLED  IN  VACUUM. 

NEW  PRODUCT  OBTAINED  AT  3  1  0  C  .  (  T  42-123) 

(590°F) 

HIDEOLXTIC  STABILITI  TEST  OF  THIS  NSW  PRODUCT  T  42-123 

T  38  -  100 

USED  75  g.OF  THE  PRODUCT  WITH  2  5  fWATlR  ARD 

1.1308  f.  COPPEBSTRIP  (  SARDED  AND  WASHED  WITH  BERZBE  AMD  ACETONE) 

AFTER  72  ROUE  TEST  THE  FLUID  IS  SAREEE,  BUT  TWO  PHASES  CLEAELT 

SEPARATE.  THE  COPPER  STRIP  APPEARS  IE  SOOD  COHDITIOR.  HEIGHT  t  1.1303  f. 

WEIGHTLOSS  ....  0.0005  f  . 
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TABLE  200. 


REACTIHQ  TOGETHER  TETRA  ISOPHOPEL  TITAMATE,  TRI  OCTYL  PHOSPHATE 
AMILIBE  AMD  ZIMC  OCTOATB 

I.  T  42  -  124 

USEDt  50  g.  TETRA  ISOPRCPYL  TITAMATE 
50  g. TRI  OCTXL  PHOSPHATE 
50  g .  ANILINE 
450  g  ZINC  OGTOATE 

HEAT  ON  MIUNG 

TIME  TEMPERATURE  VARIAC  PRESSURE  VOLUME  REMARKS 


■in  . 

C  . 

■1. 

- 

25 

45 

2-10 

- 

35 

29 

45 

2-10 

- 

90 

45  (113'®  45 

2-10 

20 

CLEAR  DISTHLATB 

110 

50 

50 

2-10 

45 

120 

50 

50 

2-10 

75 

140 

55 

50 

2-10 

95 

155 

55 

50 

2-10 

125 

160 

65 

50 

2-10 

uy 

.  * 

CUT  I 

180 

140(284  F)  50 

2-10 

15 

lELLOW  DISTILUTB 

190 

U5 

55 

2-10 

CUT  II 

3  1  5(599'®  70 

2-10 

100 

D4RK  lELLOW 

3  7  0  - 

3  8  0  70 

2-io 

100 

DAJOL  ORANGE,  VERI  VISCOUS 

(698°r.-  716°?) 

II.  T  42  -125  BENZXLALCOHOL  MODinCATKEI  OF  I. 
USED  140  g  .PRODUCT  T  42-  124 
160  g  BENZXLALCOHOL 


- 

25 

40 

2-10 

- 

30 

35 

40 

2-10 

- 

60 

95 

40 

2-10 

10  CtRit  COLOKESS 

70 

120 

40 

2-10 

35 

80 

125 

40 

2-10 

50 

110 

120 

45 

2-10 

70 

120 

120 

45 

2-10 

120 

140 

130 

45 

2-10 

CUT  I 

160 

U5 

45 

2-10 

20  lELLOR  MATERIAL 

200 

235 

45 

2-10 

20 

„  CUT  II 

PRODUCT  CAME  OVER  BElfEEM  34.a°ARO  350°C.  (644°F.  AMD  662^F.) 

III.  T  42-  125  IttKTllO  THTPROIPCT  T  42-  124  WITH  ^  fiHMBP  BHIlBli 
USED  100  g  .  EACH 

(  -  25  30  2-10 

20  40  30  2-10  10  LIGHT  lELLOff  CLEAR 

90  50  30  2-10  60 

140  55  40  2-10  95  DABEER  lELLOW  CLEAR 

220  205  55  2-10  110  COT  I 

qA/  240  3  0  0  -  3  0  5  6  5  2-10  PROHOR  TERZ^DAK  II  COLOR  „  o 

(5720F.-581®F)  ILASB  POUT  i  260X  1500*^)  BLAME  P0IMTi264  C  .(507  F) 


TABU  201 


aiACTlMG  TRl  OCTIL  PHOSPHATK  AMD  AHILIMB  WITH  TETRA  ISOPROpfa.  nTAHATI 
AMD  ZINC  OCTOATE  IMA  SIMPLE  BEACTIOM. 

T  42-  128 


USED  9  0c  .TBZ  OCTXL  PHOSPHATE 

30  C  .TETRA  ISOPROPXL  TITAMATE 
60  C.AMILIME  AMD 
540  c  ZIMC  OCTOATE  18  % 


THE 

■in 

TEMPERATURE  TARIAC 

C  . 

PRESSURE 

VOLUME  RaARKS 

■1. 

25  45 

2-10 

20 

50  ^  45 

2-10 

1 

30 

70U58°F)  45 

2-10 

as  CLEAR  COLORLESS 

45 

75  45 

2-10 

86 

90 

80  ^  55 

2-10 

110 

110 

104(219°F)  55 

2-10 

135 

130 

150  55 

2-10 

175  SLIGHTLX  XELLOW  BUT  CLEAR 

150 

160(320°F)  60 

2-10 

200  al. 

C  U  T  I 

160 

190(374oF)  60 

2-10 

35  XELLOW  AMD  CLEAR 

170 

200(392  F)  60 

2-10 

55 

175 

206  60 

2-10 

95 

240 

240  o  60 

2-10 

155  MUCH  lUMES 

250 

240(464  F)  60 

2-10 

180 

C  U  T  11 

PRODUCT  CAME  OVER  BETHEEM 

AMD  ,3  l„2f  C. 

(593OF) 

X  I  B  L  D . 

150  ■!, 

( 
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I.  T  42-  lU  USING  ...  180  g  .TETRA  ISOPROPYL  HTABATE 

180  g.TRI  OCTYL  PHOSPHATE 


180  g  iTRI  CRESYL  PHOSPHATE  N  0  HEAT  ON  HIXINO 


TIME 
■in  . 

TEMPERATURE  VARIAC 
C  . 

PRESSURE 

VOLUME 
■1  . 

REIUHKS 

30  35 

2-10 

- 

60 

80  45 

2-10 

- 

90 

120  40 

2-10 

10 

CLEAR  YELLOW  DISTILLATE 

120 

140  45 

2-10 

40 

160 

140  45 

2-10 

80 

'' 

220 

U0(284°F)  45 

2-10 

130 

240 

li60(320°F)  45 

2-10 

170 

DARKER  MATERIAL  COHING  OVER,  SEPARATED 

260 

150{302°F)  45 

2-10 

200  Bl.  T  42-114 

USED  FOR  REACTION  WITH 

ZINC  OCTOATB 

II.  I  42- 

115  USING  191  g. 

DISTILUTE 

I 

191  g  .  ZINCOCTOATE  lif,  HEAT  AND  COLOR  CHANGE  ON  MIXING 


- 

25  35 

4 

- 

30 

45  45 

4 

10 

CLEAR  AND  COLORLESS 

40 

65  45 

4 

20 

80 

80  45 

4 

30 

100 

95(203  F)  45 

4 

50 

no 

95  .  45 

4 

65 

120 

U0  (  230  F)  45 

4 

90 

125 

115  (  239°F)  45 

4 

100 

130 

120  (  248°F)  45 

4 

m, 

C  U  T  I 

uo 

130(266°F)  45 

4 

20 

YELLOW  DISTILLATE 

150 

135(275®F)  45 

4 

30 

160 

U5  „  45 

4 

55 

170 

145(293  F)  45 

4 

75 

200 

150  (  302Of)  45 

4 

100 

220 

UO  45 

4 

120 

240. 

140(284°F)  45 

4 

135 

260 

135(275  F)  45 

4 

JUi. 

C  U  T  II 

280 

150  55 

4 

10 

DAM  RED  DISTILUTE 

300 

180  60 

4 

20 

310 

260„  70 

4 

30 

C  U  T  II 

320 

3  0  5  /  3  1  0°  70 
(5810F/  590OF) 

4 

ABOUT  150  /175  ■!• PRODUCT 

THIS  PRODUCT  IS  LOWER  IN  HSCOSin,  BUT  DAMIR  THAI  RBDLAR 
TPT/ZIICOCTOATI  PRODUCT 
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table.  2Q3o 


REACTING  TETRAISOPROPYL  TITAMATE  WITH  DUE  ALIPHATIC  AMD 

ONE  AR(»IATIC  OICAMOPHOSPHATE 


T-38  -  89  AND  91 

I.  USED _ TRI  OCTYL  PHOSPHATE  (  TOP)  . 62  f.  (  l/6  Mole) 

TRI  CRESIL  PHOSPHATE  (  TCP)  . 61 

TETRA  ISOPROPYL  TITAN ATE  {  TPT)...  95  C.(  1/3  ■ole) 
TRACE  OP  A1  CI3 
MO  HEAT  EVOLVED  ON  MinNQ: 


TIME 
■ia  . 

temperature 
c  . 

VARIAC 

PRESSURE 

• 

VOLUME 
■1  . 

WEIGHT 

g  . 

REMARKS 

29  „ 

40 

2-4 

40 

35  (95°F) 

40 

* 

MIXTURE  TURNS  TO  DARE 

YELLOW, THEN  GRADUALLY 

TO  RED. 

65 

45 

4 

20 

80 

115(239  F) 

45 

4 

35 

95 

121 

45 

4 

55 

120 

120  0 

45 

4 

75 

YELLOW  LIQUID 

135 

120  V248  F) 

45 

4 

_85_ 

CUT  I 

RED  RESIDUE  LEFT  IN  FLASK 

AS  A  SOLID. 

THIS  RESIDUE  BURNS  IN  AN  OPEN  PLAME  READILY. 


II.  REPEATING  WITHOUT  A1  CI3  AMD  IN  BENZENE  SOLUTION 

T  38  -  93 

USED .  TOP _ 93  r  (TRI  OCTYL  PHOSPHATE) 

TCP _ 93  g  .  (TRI  CRESYL  PHOSPHATE) 

TPT  ...  142  g  .  (TETRA  ISOPROPYL  TITANATE) 

WITH  BENZENE  . . .  5-  g.  AS  SOLVENT 

FIRST  THE  BENZENE  DISHLLED  OFF  UNDER  AIMOSP^EIIC  PRESSURE. VARIAC  AT  50 

TEMPERATURE  TIME  ....  75  Kiimtes 

VACUUM  DISTILLATION  (177«F) 


■la  , 

C .  VARIAC 

MB 

_ _ 

REMARKS 

10 

55  ;  45 

i-i 

15 

SBUIHIM  fiEHZni  TAkIM 

18 

108  (226  F)  40 

5 

25 

120-50 

10 

40 

129  (264  F)  50 

75 

YILLOff  LIQUID 

70 

140  0  50 

100 

"80 

155  (311  F)  50 

130 

110 

135 

190  ■!. 

MATERIAL  II  ILASK  IDHS  RID 

Quamu.tM  oooLZNa  schjs 
BOMS  BIIQHTU  II  OPB  ILAH 


(Continued  from  page  57a) 

SECTION  C.  ATTEMPTS  WITH  OTHER  ORGANO  PHOSPHATES.  (  TABLES  204-206) . 

1.  The  attempt  was  made  to  Increase  the  non  burning  characteristics  by  introducing 
a  chlorine  group  together  with  the  phosphates  ,  such  as  reacting  tetra  isopropyl  tltanats 
with  a  tris-B-chloroethyl  phosphate;  but  the  results  were  not  satisfactory  as  yet. 

(  TABLE  204). 

2.  In  TABLE  205  a  trl  butoxy  ethyl  phosphate  was  used  with  tetra  isopropyl  tltanate. 
No  high  cut  material  was  obtained^  but  the  flask  content  turned  into  a  material  which 
appeared  to  have  some  self-extinguishing  properties.  In  a  subsequent  study  in 
TABLE  206,  the  self-extinguishing  properties  were  further  traced  to  the  flask  content 
which  had  remained  after  two  cuts  of  lower  tonperature  distillates  had  been  taken  off. 
Still  further  studies  will  be  required. 

SECTION  CONTINUED  WORK  ON  REACTION  BETWEEM  TITANATES  AND  PI  2  ETHXL  HEXIL  PHOSPHORIC 
ACID.  (  TABLES  207-208). 

In  TABLE  207  the  2  ethyl  hexyl  phosphoric  acid  is  reacted  with  tetra  isopropyl 
titanate,  and  a  very  viscous  material  is  formed.  When  this  reaction  product  was  further 
reacted  with  zinc  octoate  and  aniline  a  high  cut  distillate  was  obtained  which  came  over 
at  2-10  mm.  hg.  pressiure  at  310°C.  -  330°C.  (590°F.  -  626°F.).  The  properties  of  the 
material  are  still  under  study. 
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SECTION  Ill-C 


TABLE  204. 


attempting  to  introduce  this  b-  chlorethtl  phosphate 


T  38  -  88 

I.  USING  200  *. THIS  B-CHLOROETHIL  PHOSPHATE  (  Cl-  CH2-  CHj  0  )3  PO 
AND  100  f .TETRA  ISOPROPYL  TITANATE 


WITH  A  TRACE  OF  A1  CI3 


TIME  TEMPERATURE  VARIAC  PRESSURE  VOLUME 


■In  . 

c. 

ft 

■1 

60 

27 

(80®F) 

40 

2-4 

96 

132 

(269°F) 

40 

5 

104 

139 

40 

25 

107 

143 

(289°F) 

40 

40 

116 

140 

40 

65 

122 

140 

40 

75 

125 

142 

40 

_S^ 

uo 

122 

(251°F) 

40 

20 

WEIGHT  REMARKS 
_ 


CLEAR  MATERIAL 
75  f .  COT  I 

DARK  BROWM 


AT  THIS  POINT  THE  MATERIAL  IN  THE  DISTILLATIOi  FLASK  TURNED  BROWN, 


BECAME  VISCOUS  AND  SOLIDIFIED.  THIS  MATERIAL  BURNS  READILY  IN  AN  OPEN  FLAME. 


II.  T  38  -  92 

REPETITION  OF  I  ,BUT  USING  P2  0^  AS  CATALYST  INSTEAD  OF  A1  CI3 
USED  THE  SAME  QUANTITITES  AS  IN  I 
MO  HEAT  EVOLVED  ON  MIXING. 


- 

25 

40 

4.5 

- 

10 

25 

40 

2 

- 

70 

100  0 

40 

4 

30 

CLEAR  LIQUID 

90 

110(230  F) 

40 

4 

60 

100 

50 

4 

80 

CLEAR  LIQUID 

110 

120(248  F) 

50 

4 

85 

120 

121 

50 

4 

_2Q. 

COT  I 

THE  MATERIAL 

IN  THE  DISTILLAHON 

FLASK  TURNS  DARK  BROWN 
VISCOUS 

135 

U0(284  F) 

50 

5 

10  ■!.  YELLOW  FLUID 

THE  FLASK  CONTENT  SOLIDIFIED. 
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TABLE  205 


i  REACTIMG  TETRA  ISOPROPIL  TITAMATE  WITH 

TRI  BOTOn  ETHTL  PHOSPHATE  ;  T  38-94 


USING  ....  142  c. TETRA  ISOPROPXL  TITANATE  (  l/2  aola)  AND 
135  C  Jni  BUTOXX  STHXL  PHOSPHATE  (  1/2  ■ol«) 


N  0  HEAT  EVOLVED  ON  MIXINQ  WITH  TRACE  OF  A1  CI3 


TIME 
■in  . 

TEMPERATURE  VARIAC 
C  . 

PRESSURE 

Mi  • 

VOLUME  WEIGHT  RBURKS 
■1  .  C. 

- 

2r~  40 

2-4 

60 

40  (104  F) 50 

REACTION  MIXTURE  TUBBS  DARKER 
GRADUALLX 

133 

80  (176°F)40 

2-4 

15  CLEAR  DISTILUTE  ,  SLIGHTLX 

150 

85  0  40 

75  XXLLOWISH!SMOKXS''(HXDBOLXZES} 

170 

92(197  F)  40 

120  IN  CONTACT  WITH  AIR 

180 

95  40 

145  ■!....  127  f  . 

C  U  T  I 

205 

105  45 

2-4 

50 

235 

no  45 

75  C  U  T  II 

250 

130  45 

2-4 

5 

aso 

135  ^  50 

10 

270 

U0(284  g)  55 

20 

295 

130  (266  F) 55 

40  al. 

THE  MATERIAL 

IN  THE  FUSE 

IS  SLIMX  GRAX.  WILL 

PDRTHER  BE  STUDIED,  BECAUSE  IT  APPEARS  TO  HAVE 
TO  SOME  DEGREE  SELF  EXTINGUISHING  PROPERTIES  . 


( 
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TABLE  206. 

REACTING  TETRA  ISOPROPTL  TITABATE  WITH  TRI  BUTOXI  ETHIL  PHOSPHATE 


T  43-18 

USED  107  g. TETRA  ISOPROPIL  TITANATE 
102  g  .TRI  BUTOn  ETHYL  PHOSPHATE 
SMALL  AMOUNT  OF  A1  CI3 


NO  HEAT  ON  MIXING 


time 

aln  . 

TEMPERATURE 

C  . 

VARIAC 

PRESSURE 

VOLUME 

■1. 

REMARKS 

40 

5 

25 

27  (80®F) 

40 

5 

- 

40 

100 

40 

4 

10 

CLEAR  COLORLESS  DISTILUTE,POT 

DARK  ORANGE 

60 

100 

40 

4 

60 

70 

95  <203®F) 

40 

4 

JZ2. 

C  U  T  I 

SOMETHING  IN 

THE  CONDENSER  SOLIDIFIED  AMD  DISTURBED  THE  DISTILLATION. 

CONDENSER  CLEANED  AND  TEST  RESUMED 

'» 

120 

133  0 

50 

4 

10 

CLEAR  COLORLESS 

125 

U7  (296  F) 

50 

4 

15 

135 

170  (  338°F) 

50 

4 

?5 

POT  TEMPERATURE  WAS  HERE  220  ^C  • 

SAMPLE  OF  POT  MATERIAL  TAKEN 

RESUMED  TEST 

C  U  T  II 

30 

150  (302OF) 

50 

8 

10 

CLEAR  COLORLESS 

45 

170  (  338°F) 

50 

8 

30 

POT  IS  MOW  DARK  AND  VISCOUS 

CUT  III 

REACTION  STOPPED  RHEN  POT  MATERIAL  BECAME  VF^iX  VISCOUS  AND  SOLIDIHED 


ON  COOLING 

STUDIES  ON  THE  CUTS  : 

1)  THE  SAMPLE  TAKEN  FROM  POT  AFTER  CUT  II  HAD  COIE  OVER:  IT  WAS  WASHED  WITH 
ACETONE  AMD  BENZENE.THE  SOLVENTS  WERE  BOILED  OFF.  THE  REMAINING  FLUID 
WAS  EXPOSED  TO  AN  OPEN  FLAME.  AFTER  3  SECONDS  A  LOW  CUT  FLAWED  OFF  WITH 
A  LIGHT  BLUE  SMALL  FLAME.  AFTER  5  SECONDS  THE  FLUID  DEVELOPED  A  FLAME  AND 
TURNED  SOLID. THE  FLAME  EXTINGUISHED  ITSELF  .THE  SOLID  WAS  IN  FUR'IHER  TESTS 
SELF  EXTINGUISHING. 

2)  THE  POT  MATERIAL  AFTER  CUT  III  SEEMED  TO  BE  ABLE  TO  GEL  UNDER  IHRTHER 
HEAT  EXPOSURE. 

3}  CUT  III  ITSELF  BURNED  WHEN  EXPOSED  TO  A  ILAME  (  NOT  SELF  EXTINQUISHUK} 
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SECTION  III-D. 


TABLE  207. 

REACTING  A  DI-2  ETHXL  HEXYL  PHOSPHORIC  ACIP 
WITH  TETRA  ETHIL  HEHL  TITANATE  (  TOT  )  WITH  PgOi;  AS  CATALIST  (  T  A3-  9) 


I. USING  170  g.  DI  2  ETHYL  HEXYL  PHOSPHORIC  ACID 
75  g  .TETRA  2  ETHYL  HEXYL  TITANATE 
0.2  g.  P2O5 

HEAT  EVOLVED  ON  NIXING 

time  TEMPERATURE  VARIAC  PRESSURE  VOLUME  REMARKS 

■In. _  C  . _ m  . _ bIj _ 


- 

40 

40 

2 

- 

30 

63 

(140°F) 

40 

2 

25  ■!“ 

CLEAR  COLORLESS 

50 

60 

40 

2 

JO-jl. 

_C  U  T  I 

85 

95 

0 

50 

2 

25  ■!. 

CLEAR  COLORLESS 

95 

135 

(275  F) 

50 

2 

35  ■!. 

110 

175 

(347°F) 

60 

2 

70  ml. 

SLIGHTLY  YELLOW 

NOW  FUMING 

THK  POT 

MATERIAL  TURNED 

BLACK  AND  VERY  VISCOUS  AND  SUDDENLY  FLOWED 

IMU  THE  CONDENSER. 

II.  T  43-10  REPEAT  TEST  IN  BENZENE  SCLUTION 


USING  150  g.  DI  2  ETHYL  HEXYL  PHOSPHORIC  ACID 
50  g.  TETRA  2  ETHIL  HEXYL  TITANATE  TOT 
50  g .  BENZENE 


0.2 

e  P2O5 

HEAT  OR  MIXING 

33 

40 

2 

. 

■’0 

70 

40 

2 

10 

CLEAR  COLORLESS 

50 

60 

40 

2 

35 

80 

95 

0 

50 

2 

60 

90 

105 

(221  F) 

(329°F) 

50 

2 

C  0  T  I 

110 

165 

55 

2 

75 

LIGHT  GREER  CLEAR 

AGAIN  A  VISCOUS  BLACK  GEL  MATERIAL  DEVELOPED  IN  THE  POT 
III  .  T  43-  11  REPEAT  TEST  OF  II  WITH  THE  SAME  AMOUNTS 


- 

35 

50 

ATI 

30 

85 

50 

ATM 

25 

CLEAR  COLORLESS  (ASSUMED  TO  BE 

75 

85 

«  50 

ATM 

-22- 

C  U  T  I  BENZENE) 

120 

TO  180  (356"F)  50 

ATM 

50 

CLEAR  COLORLESS  C  U  T  II 

THE  POT  MATERIAL  IS  NOW  MEDIUM  BROWN  WITH  SOME  SEDIMENTATION. 

ON  HEATING  IT  WITH  BENZYLALCOHOL, WHEREBY  SOME  OF  THE  ALCOHOL  IS  DRIVEN  OFF, 
THE  PRODUCT  WAS  FURTHER  DILUTED  WITH  ETHYL  ETHER.WI1H  PETRQLEIHER  ROW  A  lATE- 


p.72.  RIAL  IS  PRECIPITATED  WHICH  MIGHT  BE  A  POLYMER,  WHICH  CAUSED  THE  GELATION  IN  II 


TABLI  208 


MODIFICATIOa  OF  TOE  REACnOM  PRODOOT  BETWBBI  TBTRA  ISOPBDML  TITABATi 
AMD  PI  2  ETHIL  HEHL  PHOSPHORIC  ACID  (  T  42  -106)  ,  RlSDltlD 
FROM  TABLE  U3  (  page  60)  OF  THB  THIRD  REPORT 


I.  T  42-  122  REACTIMG  100  g.  T  40  -  106  DISnLLATB  WITH 


50  gc  ANILINE  AND 
450  §.  ZINC  OCTOATE  18^ 

HEAT  OR  MIXING  GREEN  IN  COLOR 


TUI  TEMPERATDRE  VARIAC 

min.  C  .  _ 

PRESSURE 

am. 

VOLUME 
ml  . 

REMARKS 

29 

8 

- 

30 

115 

1239°F)  50 

8 

10 

CLEAR  DISTILLATE 

45 

118 

50 

2-10 

25 

60 

125 

50 

2-10 

45 

90 

130 

.0  50 

2-10 

70 

100 

130 

U66°F)  50 

2-10 

85 

UO 

135 

50 

2-10 

105 

120 

U5 

50 

2-10 

135 

130 

U5 

n  50 

2-10 

145 

140 

185 

o 

} 

2-10 

155 

I60 

220 

60 

2-10 

225 

180 

230 

60 

2-10 

240 

200 

230 

{446°F)  60 

2-10 

290 

210 

232 

0  ^0 

2-10 

320 

240 

190 

(374  F)  60 

2-10 

325 

260 

250 

(482°F)60 

2-10 

_140_ 

- 

300  ^ 

3  1  0° 
590OF. 

-  3  2  5°  60 
-617<’F) 

2-10 

ABODT  . 

L25  ml-  PRODUCT 

T  42-123 

REPEAT  TEST  WITH 

THE  SAME  AMOUNTS 

29 

45 

2-10 

• 

30 

95 

45 

2-10 

10 

45 

115 

45 

2-10 

45 

50 

90 

2-10 

75 

75 

130 

(266°F)  40 

2-10 

125 

90 

125 

40 

2-10 

U5 

140 

135 

45 

2-10 

180 

160 

210 

.  50 

2-10 

210 

200 

215 

o 

I 

2-10 

310 

210 

95 

0  55 

2-10 

335 

220 

195 

(383  F) 60 

2-10 

340 

240 

285 

(545®F)70 

2-10 

300 

3  1  ( 

3-330  C 

2-10 

ABOUT  125  ml  PRODUCT 

(590°I 

f*.  -  6260F) 

PART  IV.  ADDITIONAL  WORN  ON  THE  INHIBITION  OF  SILICONE  FLUID  510-50  cpB.  (DOW)  .(TABLE  209) 


Throughout  the  preceding  reports  work  has  been  reported  on  the  Increase  of  the 
heat  resistance  of  silicone  fluid  510-50  by  reacting  It  with  cerium  2-ethyl  hexanoate 
In  the  presence  of  DI  SALICILAL  PROPXLENE  DIAMINE  (Copper  Inhibitor  DSPD  50,  DuPont) . 

It  Is  Interesting  that  this  silicone  fluid  Is  evidently  not  a  unlfom  material,  but 
consists  of  various  components,  some  of  which  cause  a  gelation  of  the  fluid  when  heated 
at  260°C.-300®C.  (  500®F-572°F.)  under  a  stream  of  air  passing  the  fluid. 

It  Is  a  regularly  observed  phencmienon  that  the  heating  of  the  510  fluid  with  the 
two  listed  additions  In  the  Inhibition  treatment  produces  color  changes  and  an 
Increased  heat  resistance,  but  It  Is  also  accompanied  with  a  considerable  loss  In 
weight. 

Since  the  total  weight  of  the  added  cerium  octoate  and  of  the  copper  inhibitor 
amounts  only  to  about  1.1%  of  the  used  weight  of  silicone  fluid,  this  weight  loss 
is  nearly  fully  a  weight  loss  from  the  fluid  itself. 
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TABLI  209. 


THE  IBHIBITIliG  OF  THE  DOW  ILUIP  510 

I.  NEW  PREPARATION  OF  THE  CERIOH  2  BTHIL  HEZANOATB  T  40  -  U7 
34.6  g .  2  ETHEL  HEXANOIC  ACID  WAS  DISStLVED  IN 
WATER  AND  ETHANOL. 

IT  WAS  NEUTRALIZED  WITH  NaOH  TO  PHENOLPHTHALBIN  ENDPOINT. 
21.92  g.  CERIC  AMMONIUl  NITRATE  WERE  DISSOLVED  IN  ETHANOL. 

THE  SOLUTIONS  WERE  MIXED  AND  A  XELLOW  QBEEN  SOLID  PRECIPITATED. 

THE  PRECIPITATION  WAS  COLLECTED  BY  RLTRATION  AND  WAS  WASHED  WITH 

WATER  AND  ALOOHOL. 

IT  WAS  DISSOLVED  IN  ETHYL  ETHER  AND  FILTERED.  THU  THE  ETHER  WAS 
AGAIN  EVAPORATED. 


II.  PREPARATION  OF  THE  INHIBITED  FLUID  510 


MATERIAL  1200  g  .DOW  FLUID  510 

2.4  g  .2  ETHYL  HEZANOATE  CERIUM  SALT  OF  I 


17.2  g.  COPPER  INHIBITOR  DU  PONT  65 

SET  UP  AT  285°C  WITH  ABOUT  40  liters  AIR  /  HOUR.  RON  FOR  1  2  0  HOURS 

(545°F) 

UNTIL  COLOR  CHANGED  FROM  RED  TO  LIGHT  BROWN.  FILTERED  THROUGH  MOLE¬ 
CULAR  SIEVE  USING  ACETONE  AS  DILUENT 
ACETONE  EVAPORATD 


WEIGHT  RECOVERY  ....  900  g. 
WEIGHT  LOSS  ........  2  5 


III.  REPEAT  TESTS  T  43-34 

CERIUM  SALT  . 1.6  g. 

COPPER  INHIBITORS  12.8  g. 

FLUID  .......  800  g. 

TEST  DURATION _ 72  hrs,  „ 

TBIPERATURE  ..  275^  290  IB  . 

HLTER  THROUGH  '527®F-554®F) 

PAPER .  CLEAR  GOLOBI 

WEIGHT  LOSS  2^% 


T  43-36 

1.6  g. 

12.8  g. 

8O5.5  g. 

112  hrs.  - 
280  C.(536”f) 

aoom 

so% 
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WORK  SCHUXILKO  FOR  THE  NEXT.  REPORT  PERIOD. 


The  work  In  the  next  report  pezdod.  is  scheduled,  to  Include  the  following 
aspects: 

1.  Prepare tlon  of  e  larger  aaount  of  the  tetra  butyl  tin  aodlflcation  of  the 
reaction  product  betwe«i  tetra  isopropyl  titaxiate  and  basic  sine  octoete. 

2.  Preparation  of  a  larger  aaount  of  the  corresponding  modification  with  tri  iso¬ 
propyl  borate. 

3.  E-valuation  tests  on  bo-th  these  aa-terials. 

4.  Further  study  of  the  reactions  be-bween  tetra  alkyl  titanataa  and  tin  organics, 
using,  for  ins-tance,  di-n-butyl  tin  dinethoxide,  tri-n-butyl  tin  2-ethyl- 
hexanoate,  hexabutyl  di  tin,  or  siailar  coapounds. 

5.  Continua-tion  of  the  study  of  certain  of  the  phosphate  derivatives  from 
Part  III  of  this  report. 

6.  Efforts  -to  introduce  aolybdenun  organic  groups  in  these  titanates. 

7.  E\irther  s-tudies  on  the  relationship  between  high  viscous  fluids  of  good  lubricity 
with  low  viscous  diluents  of  poor  lubricity  in  four-ball  wear- teats  at  varying 

toaperatures  and  weight  loada. 


76. 


